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POSSUM POINT STATION 


VIRGINIA ELECTRIC AND POWER COMPANY 


HE C-E Unit illustrated here is now in 

process of fabrication for the new Possum 
Point Station of the Virginia Electric and 
Power Company near Quantico, Virginia. 

It is designed to produce, at maximum con- 
tinuous output, 650,000 Ib of steam per hr at 
875 psi and a total temperature of 900 F. 

The unit is of the 3-drum type with 2-stage 
superheater. The furnace is fully water cooled, 
using closely spaced plain tubes on all walls 
and finned tubes in the roof area; it is of the 
basket-bottom type discharging to a sluicing 
hopper. Regenerative air heaters follow the 
boiler surface. 

Pulverized coal firing is employed using C-E 
Raymond Bowl Mills and Vertically Adjust- 
able, Tangential Burners. Auxiliary Type R 
horizontal burners are used in the front wall 
above the tangential burner level. Bypass 
dampers are employed to supplement the 
vertically-adjustable burners in maintaining 
accurate superheat control. B-186 
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COPES at WESTOVER STATION 


OF NEW YORK STATE ELECTRIC AND GAS CORPORATION 





Boiler loads at Westover Station at times fluctuate more than 
you might expect in an 875-psi, 885-F utility installation. Yet 
COPES Flowmatic closely stabilizes boiler water level, as shown 
by the charts, on the two Foster Wheeler three-drum, bent-tube 
steam generators. Except for shrink and swell, the level is 
held within one inch by two-element COPES Control. The story 
is told in Bulletin 463—Boiler Feed Control at Westover, Green- 
idge and Jennison Stations. Write—your letterhead, please— 
for this 16-page report. 


NORTHERN EQUIPMENT COMPANY 
186 GROVE DRIVE, ERIE, PENNSYLVANIA 


Feed Water Regulators, Pump Governors, Differential Valves, 
Liquid Level Controls, Reducing Valves and Desuperheaters 


BRANCH PLANTS: Canada, England, France * Representatives Everywhere 








DESUPERHEATER... MASTER CONTROL... 

Here's a desuperheater every bit as effective on light Remote control of reduced water or 

loads as at full capacity. No water dribbles into the steam pressures, with single or multi- 

steam line. There is complete atomization of the ple pressure reducing stations, 

cooling water from zero to full load because the is dependably accurate with the 

opening of the spray nozzle—not the pressure drop COPES Master Control. Adapted for ex- 

across it—is varied with steam temperature. A self- cess pressure control in boiler feeding, 

contained unit, as dependable as the COPES Feed where one or more turbine-driven pumps discharge 
Water Regulator. Write for Bulletin 405-A. into a common water header. Details on request 
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EDITORIAL 


Combustion Engineering 
Courses 


The place of fuels in our economic structure is now 
being recognized, and technological advances in their 
production and utilization are assuming ever-increasing 
importance, as is attested by the large amount of re- 
search being conducted in this field. The subject is a 
broad one, involving supply, production and application 
of different fuels in which their combustion plays a major 
réle. Neither rule-of-thumb methods nor the theoretical 
approach provide the answer to the efficient burning of 
fuels; instead it represents a combination of theory, 
research and empirical design based on experience and 
tests—in other words, an engineering approach. This 
is especially important now that lower grade coals have 
so largely replaced premium grades; also because we 
appear to be approaching an era of synthetic liquid fuels 
to augment the supply from natural sources. 

It is a subject that warrants greater attention than cus- 
tomarily accorded by engineering schools. Although one 
university has lately initiated a course in combustion 
engineering and several others are understood to be 
giving the idea serious consideration, it has wide possi- 
bilities, especially in view of the large amount of material 
that has been made available. In those schools whose 
mechanical engineering curriculum extends over five 
years such a course might well be made an adjunct to 
Heat Power Engineering, whereas in others in might 
form part of an elective in Fuels Technology, or be 
handled as a part of graduate work. 

The coal industry, through the National Coal Associa- 
tion, has already initiated a program to stimulate inter- 
est among engineering students in colleges having mining 
courses, by having a representative visit them and point 
out that coal is basic to all industry and that wide oppor- 
tunities are offered the graduate through knowledge of 
its production and efficient utilization. 

While the general trend in engineering education is 
away from specialization, there are certain subjects 
whose importance these days warrants more than passing 
attention. Conservation of fuels, through proper com- 
bustion, is one of these. Opportunities for graduates 
with this background are numerous and include employ- 
ment by large coal and oil companies, certain industrial 
research laboratories, central stations and manufacturers 
of steam generating and fuel burning equipment in both 
the industrial and residential fields. 
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Steam Generator Progress and 
Trends 


At the Panel Discussion held during the A.S.M.E. 
Annual Meeting in Atlantic City last month it was ap- 
parent that a greater degree of standardization of steam 
generating equipment would be welcomed by both cus- 
tomers and manufacturers as one means of holding 
down initial costs—that is to say, engineering costs, 
inasmuch as material and fabricating costs are largely 
beyond the control of the designer. However, this com- 
mands the close cooperation of purchasers and manufac- 
turers and avoidance of requests for numerous alternate 
proposals—a practice that has grown far too prevalent. 
Also, duplicate or repeat orders are a step toward at- 
taining the objective. 

As was pointed out during the discussion, a greater 
degree of standardization is possible with reference to 
steam conditions, exclusive of those jobs that may be 
classified as pioneering; and, although standardization 
of design is impractical as between manufacturers, it is 
possible within certain categories as to a single manufac- 
turer’s products, except where special conditions must 
be met, as is the case with many large units. 

In reviewing progress over the past year—a period in 
which this field has been very active—one notes the fruits 
of accumulated experience and development over the war 
years, amplified by later tests and increased facilities for 
investigating what goes on within a unit. This infor- 
mation has pointed the way to rational designs of greater 
simplicity, more accurate control and improved avail- 
ability, particularly with reference to burning the poorer 
grades of fuel. In the category of smaller units, as well 
as those of medium capacity, there has been much 
progress in standardizing basic designs, with departures 
confined to minor items. Large, heavy-duty steam gen- 
erating units, however, will continue to embody special 
features to meet individual requirements; but even here 
there has been a marked trend toward fewer types and 
standardization of details. In this group, particularly, 
duplication of successful designs points the way to ap- 
preciable savings in initial costs. 

However, it is not to be inferred from the foregoing 
that practice is likely to become static for, within certain 
limits, the constant urge toward further improvement 
will continue to function and keep pace with the ever- 
changing economic conditions in the field of steam 
generation. 
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Fig. 1—Central Delicias Sugar Mill in Oriente, Cuba 


Burning Bagasse at 
Cuban Sugar Centrals 


Production of cane sugar has been car- 
ried on for so many generations in sub- 
stantially its present form that changes in 
equipment and operation are not encoun- 
tered as in more recently developed indus- 
tries. The following points out some of 
the problems which have arisen and the 
methods employed to solve them, based 
largely on personal observations made 
during a recent trip by the author to Cuba. 
It also describes an improved method of 
burning bagasse with spreader stokers, 
which promises to revolutionize the pres- 
ent practice. 


HE importance of Cuba in the cane sugar industry is 
illustrated by recent statistics showing that its 177 
sugar mills or ‘“‘Centrals,’’ which extend from end to 
end of the 750-mile-long island, produced in the last crop 
year about 30 per cent of the world’s total, or almost 50 
per cent of the output in the Western Hemisphere which 
in 1946-1947 amounted to 12,326,016 tonscompared with 
a world production of 19,071,970 tons. Increase in Cuban 
production during the seven years since the start of the 
Pacific phase of the war practically offset the loss in the 
Japanese, Java, Formosa and Philippine areas. 
Sugar cane on a moisture- and ash-free basis contains 
from 10 to 17 per cent cellulose fiber and 83 to 90 per cent 


26 


By H. G. MEISSNER 


Combustion Engineering Company, Inc. 


sugar. The bagasse leaving the last rolls of the mill is 
composed of about 40 per cent fiber, 1.5 to 2.5 per cent 
sugar, 45 to 55 per cent moisture and 1.5 to 2.5 per cent 
ash. 

As a matter of general interest it may be in order to 
point out briefly that the history of sugar cane goes back 
to the fourth century B.c. in Northern India, where it is 
believed to have originated, although field culture was not 
practiced until several centuries later. From India the 
planting of cane is believed to have spread into China. 
Sugar in solid form dates from about 500 a.p. in Persia, 
the word sugar coming from the Indian term ‘“‘shekar.”’ 
The Egyptians developed the commercial manufacture 
and refining of sugar during the ninth and tenth cen- 
turies. It was first introduced into the Western Hemi- 
sphere by Columbus on his second voyage in 1494, to San 
Domingo, from whence it spread into Cuba and other 
West Indian and Central and South American countries. 
In 1750 its cultivation was started in Louisiana. 

Milling of cane was done originally by means of 
wooden rollers, driven by animals, wind or water power. 
Cuba first introduced the steam-driven six-roller mill in 
1883, and the Central Delicias in Oriente holds the 
world’s record for production by a single mill, 1,046,000 
bags of 325 Ib each having been produced in the grinding 
season of 1922. 
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Steps in Production 


Manufacture of raw cane sugar is a combination of 
mechanical and chemical processes. In the Cuban fields 
it starts with the hand cutting of the cane, which is 
simultaneously stripped and topped. It is then hand- 
loaded into two-wheel carts, which are hauled by oxen to 
sidings, where the cane is raised by ox-power winches, and 
deposited in specially designed narrow-gage cane cars. 
Tractors are now being employed to some extent. 

From the primary conveyor the cane is carried up an in- 
clined conveyor, past the leveler and knives, into the 
milling plant, where the juice is extracted, the rolls being 
forced together by hydraulic pressure to within fractions 
of an inch of clearance. The juice is then carried through 
the various processes, the end products consisting of com- 
mercial sugar, molasses or blackstrap, and press cake or 
cachaza. 

The bagasse or crushed cane fiber is discharged from 
the last set of rolls, in a continuous stream, to scraper con- 
veyors which carry it either directly to the boilers as fuel 
or to storage piles for subsequent use. The process is 
essentially continuous, 24 hr per day for the entire 
grinding season, which in Cuba frequently runs from 
January to May or June. Shutdowns are made only for 
emergency repairs, or periodic cleaning, and the utmost 
reliability and ease of maintenance of all equipment are, 
therefore, prime requisites. 

Use of steam starts with the extraction of the juice 
from the cane in the tandems, which are generally engine 
driven, although electric drives are beginning to make 
their appearance. Process steam used in the refining 
of the juice accounts for the major part of the boiler out- 
put, about 93 per cent of the total heat in the steam 
generated being so used. Most of this process steam is 
taken from the exhaust of the mill engines and turbines. 


Steam Generation 


The trend in recent years has been away from hori- 
zontal return tubular boilers, formerly favored because of 





Fig. 3—Relic of old rolls 
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Fig. 2—Sugar cane as it grows in the field 


their supposed large water storage capacity, and toward 
water-tube boilers, preferably of the bent-tube type. The 
effective water capacity of such boilers is higher than that 
of the hrt type and they are capable of following plant 
load swings and maintaining uniform steam pressures 
more effectively. 

Larger boilers are also becoming more popular, 
capacities of 50,000 Ib to 75,000 Ib per hr being common, 
and still higher capacity units are being installed or con- 
templated. Boiler reliability has increased so greatly in 
recent years that the danger of failure is reduced, and 
one large boiler obviously costs less to operate and main- 
tain than the ten small units which it may replace. 

Inclusion of superheaters has been limited by the type 
of mill-drive engines in common use, but with the increas- 
ing installation of turbine-generators and motor drives, 
higher steam temperatures and pressures are being con- 
sidered. The large percentage of steam used in the 
process work reduces the desirability of maximum 
efficiency in the power-generating department so that it 
is improbable that much progress will be made in this 
direction except in the case of generating equipment de- 
signed for use in the off season, when oil or baled bagasse 
is used for fuel, and there is no use for the exhaust steam. 
Some mills are now generating power for use in surround- 
ing communities, and this practice is likely to expand. 
Use of a smaller number of large boilers also simplifies the 
bagasse-handling problem and advantage is being taken 
of this fact to reduce the attendant labor for handling the 
fuel. 

When the tandems are all in operation there is a steady 
supply of green bagasse available, but when a tandem is 
down for cleaning or repairs, bagasse must be taken from 
the storage pile with a minimum of delay as there is little 
reserve supply in the furnaces. On the other hand, be- 
cause of irregularities in the steam demand and other 
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factors, there is likely to be a surplus of bagasse at times, 
over and above that which can be burned or stored. 
Hence some mills are installing incinerators or are con- 
verting old boilers to this service, the gases being cooled 
by admission of excess air or water sprays. In this way 
the varying quantity of available fuel can be handled 
with a minimwm of interference with the boiler operation. 

In some mills plans have been made, or are under con- 
sideration, to use some of the bagasse for other than boiler 
fuel. Such uses include: low-grade paper suitable for 
mulching in cane and pineapple plantations; wall-board 
and insulating material; a base for certain plastic ma- 
terial; cattle bedding; and baling for use in locomotives 
during the summer. 


In Louisiana many of the mills already sell much or all 
of their bagasse for by-product process, using the rela- 
tively cheap local natural gas for steam generation, and 
this market is likely to expand as such by-products are 
more fully exploited. But in Cuba natural gas is not 


While it would be desirable to dry out some of th 
moisture in the bagasse before it enters the furnace so as 
to reduce the gas weight and boiler draft loss, such pre- 
drying has not as yet been successful, largely because of 
the bulky nature of the fuel and the fact that some of the 
combustible volatile matter distills off at quite low tem- 
peratures and would be lost in the dryer or constitute a 
fire hazard. It can be shown, therefore, that the use of 
air heaters will effect as great a saving in fuel consump- 
tion as will the predryer and that the reduction in boiler 
draft loss is counterbalanced by the added draft loss in 
this predryer. It is probable that the use of air heaters 
will increase as their merit becomes better known, while 
the combination of economizers and air heaters assures 
the maximum in boiler efficiency and capacity. 


Bagasse Burning Practice 


The fuel used in the early boiler plants consisted of 
wood, or sun-dried bagasse. It was not until 1886 that 





Fig. 4—Bagasse piles adjacent to boiler house 


available, so that the more efficient combustion of the 
bagasse will be the only alternative to the use of the 
relatively expensive imported fuel oil at certain periods. 
At one Central visited, plans were under way to have the 
planters change to a higher yield, lower fiber cane, which 
would mean that instead of a surplus of bagasse for the 
boilers, there would be a deficiency, unless the overall 
boiler efficiency were raised materially. There are also 
some by-product developments under way, which will 
materially increase the steam consumption. In mills 
where the sugar is refined before shipment, the steam 
consumption is increased by about 15 per cent. It can 
be seen, therefore, that greater efficiency in the burning of 
this fuel may become an important factor within the next 
few years. 

Use of economizers and air heaters is on the increase. 
The latter are particularly desirable, as the hot com- 
bustion air serves to raise the furnace temperature and 
speed up the drying and ignition of the fuel. This quicker 
response to load demands assures more uniform steam 
pressure and higher milling capacity. 
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Samuel Fiske demonstrated, first in Louisiana and later 
in Cuba, that green bagasse could be burned in a boiler 
furnace equipped with a flat grate. About the same time 
Frederick Cook introduced his hearth or horseshoe-type 
furnace, Fig. 5, in which all the air was introduced 
through tuyéres, above rather than through the fuel bed. 

The third step in the burning of green bagasse was the 
introduction of the inclined or stepped-grate furnace, 
Fig. 6, the fuel cascading slowly down over the grates, 
with air passing through the fuel bed. This type is also 
known as the Hofft design. 

More recent developments include the Ward and the 
Martin furnaces, sometimes called bottle-neck furnaces 
because of the restriction near the top. In these fur- 
naces the air is admitted around and over rather than 
through the fuel bed. Typical arrangements of these are 
shown in Figs. 7 and 8. The high gas velocity through the 
throat of the bottle-neck furnace is a source of consider- 
able carryover of partly burned bagasse fines or bagacillo 
into the boiler which not only increases the frequency of 
cleaning, but in some cases may result in slagging of 


January 19488—-COMBUSTION 

















| A SSR) 









































Fig. 5—Cook horsehoe furnace 


tubes. This high gas velocity also causes a larger amount 
of the bagacillo to be carried out of the stack. 

A significant step ahead is shown in the layout of Fig. 
9. Here the designers applied the knowledge gained in 
the firing of other fuels and opened up the secondary 
chamber to provide space for the complete combustion of 
the gases before they reached the boiler tubes. Not only 
was it then possible to operate at greater capacity without 
slagging the tubes, but the ability to operate with higher 
air temperatures and lower excess air assured increased 
overall efficiency. Secondary combustion in the boiler 
passes of some of the earlier units was finally recognized 
as the cause of many of the troubles experienced, the 
flame in the furnace being forced into the boiler before it 
is completely burned out, whereas in the setting, as shown 
in Fig. 9, combustion is completed in the secondary cham- 
ber, and the unburned combustible losses are therefore 
reduced. 

The various furnaces described all use a relatively 
thick mass of bagasse on the grate, either a pile as in the 
horseshoe furnace, or a sloping layer as in the inclined 
or stepped-grate type. Control of the fuel and air supply 
is usually manual and inefficient. The excess air varies 
widely, from 50 to 100 per cent or more in many furnaces, 
so that overall efficiency is low. Steam pressure control is 
frequently erratic; consequently engine and turbine per- 
formance is adversely affected. Cleaning of the grates, 
hearths and boiler passes is a hot and laborious job and in 
many cases the boilers must be taken out of service 
weekly for removal of fly ash and clinkers and for furnace 









































Fig. 6—Inclined-grate with hrt boiler 
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repairs. The net result has been that the average boiler 
output is low, and additional boilers must be kept in 
operation with attendant higher labor cost. 

Aside from the relatively minor changes in furnace and 
grate design noted above, and the use of forced rather 
than natural draft in some of the newer furnaces, there 
has been no real improvement in the burning of bagasse 
for many years, whereas the art of burning many other 
fuels has made tremendous strides. The opportunity for 
a change for the better is therefore apparent. 


Spreader Stoker Firing 


Recent introduction of the spreader stoker into this field 
has completely revised the concept of the proper method 
of firing such high-moisture fuels. This type of stoker 
has been in general use for many years, but until re- 
cently it has been employed almost exclusively for the 
burning of bituminous coal and lignite, with a few in- 
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Fig. 7—Ward furnace 


stallations applied to the firing of wood chips, hogged fuel 
and similar refuse material. 

The fibrous, tenacious and bulky nature of bagasse, in 
addition to its high moisture content, has made it im- 
possible to handle with the conventional spreader 
stoker; hence a special type of feeder and distributor had 
to be developed before this fuel could be successfully 
burned. With the perfection of this improved equipment 
and technique, the well-known advantages of spreader- 
stoker firing can now be applied for the first time in the 
cane sugar industry to the firing of both boiler and in- 
cinerator furnaces. 

The illustration, Fig. 10, shows the application of this 
combustion system to a two-drum boiler. The green 


bagasse discharged from the end of the mill or tandem in a 
continuous stream or the reclaimed bagasse from the 
storage pile keeps the hopper mounted below the con- 
veyor full at all times, surplus bagasse being carried along 
to the next furnace or to storage. The specially designed 
rotary feeder, the speed of which may be automatically 
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controlled, meters the fuel required to maintain uniform 
steam pressure, to the rotary distributor located at the 
bottom of the inclined chute. Blades angularly welded to 
the distributor drum project the fuel into the furnace in a 
thin, uniform and widely dispersed stream. 

The bagasse particles are flash dried as they enter the 
hot furnace gas stream, and either drop onto the grate to 
complete their combustion or are burned in suspension, de- 
pending on their size and moisture content. The fuel bed 
is thin, uniform and actively burning all over the grate, 
there being no piles or dead areas. Combustion is, there- 
fore, very rapid and complete, the fuel bed burning to a 
clean, light ash with a minimum of excess air. Hot re- 
fractory being unnecessary to ensure drying and ignition 
of the bagasse, the stoker grate is located directly in the 
boiler furnace which may be water cooled or of refractory 
design. The grate surface is continuous across the length 
and width of the furnace, there being no partition walls or 
other space-consuming refractories. This grate surface 
may, therefore, be of whatever size is required to fit the 
furnace dimensions, within reasonable limits. The feeder 
and distributor units are also variable in number and 
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Fig. 8—Martin furnace 


spacing so that this bagasse combustion system may be 
applied equally well to new or to existing boiler furnaces. 
The grates may be of the dumping or continuous ash- 
discharge types, as desired. 

The resultant advantages compared with the problems 
encountered in the existing furnaces as noted above are so 
significant that wide adoption of this new technique is 
anticipated by cane sugar mills. These advantages may 
be summarized as follows: 

Bagasse burning efficiency is increased as much as 15 to 
20 per cent. The thin, uniform fuel bed, and introduction 
of practically all the air through the grate, facilitate the 
control of the fuel-air ratio, either manually or auto- 
matically so that excess air losses are greatly lessened. 
Tests have shown that this excess air may be reduced to 
as low as 15 per cent corresponding to about 17 per cent 
CO, as compared with the more usual value of 50 to 100 
per cent. The increased overall efficiency, because of this 
saving, together with the decreased carbon and radiation 
losses which accompany it, are on the order of 15 to 20 
per cent. 

The ease with which automatic combustion control 
equipment can be utilized results in the maintenance of 
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Fig. 9—Secondary chamber enlarged to provide adequate 
combustion space 


more uniform steam pressure, thus eliminating the loss of 
water through the safety valves, improving performance 
of the engines, turbines and pumps, and reducing the use 
of auxiliary fuel oil. Boiler room labor requirements are 
also reduced to a minimum. 

As a smaller number of boilers operating at their most 
efficient output may be employed, spare boiler capacity 
becomes available. Boiler and furnace availability is 
greatly improved, as the stoker-fired boiler may be kept 
on the line continuously throughout the grinding season. 
The dumping-grate type stoker can be cleaned in a matter 
of minutes, with little or no loss in boiler output, and the 
continuous ash-discharge type of grate maintains a clean 
fire at all times. 























Fig. 10O—C-E spreader-stoker firing system applied to two- 
drum boiler 
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Boiler and furnace maintenance is materially reduced. 
Installation of the stoker directly in the boiler furnace 
climinates much of the troublesome refractory walls and 
arches, and avoidance of excessive inrush of cold air dur- 
ing the cleaning periods cuts down boiler expansion 
stresses and leakage and minimizes spalling of the brick- 
work. P 

The open furnace design provides a maximum volume 
in a given space so that the gas velocities are low, and 
cinder or bagacillo carryover is minimized. Complete 
water cooling can be employed, and the installation of 
auxiliary gas or oil burners is facilitated. 

The cinder recovery system returns the carryover to the 
furnace for reburning so that stack emission is greatly 
reduced. 

Starting of fires is readily accomplished by the use of 
oily waste or small kindling near the furnace front, from 
which point the fire quickly spreads as the fuel feed and 
forced draft are started. There is no need to first heat up 
the furnace with wood or oil, as is necessary with the 
dutch-oven furnaces. 

Elimination of the dutch-oven extension, partition 
walls, arches and special refractory shapes greatly re- 
duces the space requirements, material cost and labor for 
erection. 

As this bagasse combustion system has been specifi 
cally designed to fit into the average sugar mill layout, 
its use presents no difficult problems in application, and 
its field, therefore, encompasses virtually the entire cane 
sugar industry. 


Hot-Process Conditioned Water for 
High-Pressure Boilers 


By A. C. Dresher* 


The tendency that has prevailed over a number of 
years toward higher boiler operating pressures has high- 
lighted four important requirements for satisfactory 
boiler feedwater which are, in general, obtainable with 
the hot-process type of water conditioning equipment. 
These are: 

1. ZERO HARDNESS. This is required to completely 
eliminate sludge and scale formation in the boiler. It 
means reduction considerably below the indication of so- 
called ‘‘zero hardness” by the soap test. With low hard 
ness supplies having less than 50 ppm of hardness, this 
can be accomplished by using phosphate and caustic 
soda as the reagents. With hard water supplies a two- 
stage softener utilizing cheaper lime and soda ash as the 
initial treatment followed by phosphate to precipitate 
the residual hardness externally is generally recom- 
mended. 

2. Low Torat Souiips. Water having a low con- 
centration of total solids has always been a requirement of 
properly prepared boiler feedwater. The goal is to pro- 
vide a makeup water that approaches distilled water as 
nearly as is economically possible. Low total solids are 
desirable to minimize boiler blowoff loss and also to re- 
duce carryover with the steam and the resultant erosion 
and deposits in steam-using equipment. 

3. Low CONCENTRATIONS OF SILICA. Since all waters 
contain silica, often in amounts that would bring about 





* Cochrane Corporation, Philadelphia. 
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a prohibitive concentration of silica in the boiler, much 
attention is now being directed toward its reduction. 
Silica, even in low concentrations, is apt to volatilize, be 
carried over with the steam, and solidify on turbine 
blades causing loss of capacity and efficiency. Even 
good waters contain a silica concentration of approxi- 
mately 5 ppm, and, if a plant is designed on the basis of 
5 per cent or 10 per cent blowdown, the concentration 
of the silica in the boiler will be 20 to 10 times, concentrat- 
ing to an extent of 100 ppm or 50 ppm. The removal of 
silica in the hot-process softener is accomplished by 
coagulation and precipitation using magnesium salts, 
either initially present as hardness in the raw water or 
added for the specific purpose. Recirculation of the pre- 
cipitated sludge from the accumulation in the sludge cone 
makes maximum economical use of the reagents. 

t. Low AND CONTROLLABLE ALKALINITIES. Al 
though it is common for low-pressure boilers to operate 
with boiler alkalinities of 300 to 1000 ppm, the alkalini 
ties permitted in high-pressure steam generators are 

eordinarily limited to 150 ppm or even less. This is de- 
sirable because low alkalinities produce a sufficiently 
high pH value to protect the boilers against corrosion; 
any increase in alkalinity over that necessary to prevent 
corrosion simply adds to the total solids, increases the 
blowdown schedule, and is likely to increase the carry 
over tendencies of the boiler concentrate. 

To meet these objectives a number of general types 
of equipment are available which, when properly se- 
lected and coordinated, will produce a satisfactory water 
supply and may even approach distilled water under some 
conditions. 
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INTO EVERY 


HAYS - COCHRANE 
friction-free Electric FLOW METER 


An inaccurate flow meter is hardly better than a good guess. Even slight dis- 
crepancies in recording and integrating flow can make valueless the records on 
which management depends for vital data. 

In the Hays-Cochrane meter high accuracy is achieved by eliminating as much 
friction as is humanly possible and by applying sufficient power to compensate for 
the small amount of friction remaining. 

The H-C transmitter (Figure 2) contains a mercury U-Tube, a non-metallic 
float on the mercury in the high pressure leg, two reactance coils, and a magnetic 
core supported by the float and positioned by differential pressure produced by 
orifice, nozzle or venturi in the pipe line (See Figure }). 

The Receiver (Figure 3), like the transmitter, contains two 
reactance coils and a core. A change in flow produces differential 
FIGURE 2 pressure change which moves float and core on the mercury sur- 
TRANSMITTER face of the Transmitter. Reactances of transmitter and receiver. 
coils are thus unbalanced and a current flows through the gal- 
vanometer in the receiver, de- 
flecting its boom. Indicator FIGURE 3 RECEIVER 
pointer, pen arm and integra- 
tor simultaneously show flow 
rate changes. This is accom- 
plished with movement of the 
receiver core through a syn- 
chronous-motor-operated me- 
chanical relay, which causes 
the galvanometer to regain 
null balance. 


FIGURE 1 
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There is no possibility of friction in the 
Hays-Cochrane Transmitter because there 
are no stuffing boxes, bearings, linkages or 
gears—merely a free-moving float position- 
ing a core within a magnetic coil. The de- 
tecting circuit is not required to move any 
working parts other than the finely bal- 
anced galvanometer boom. These (indicat- 
ing, recording and integrating mechanisms) 
are operated by a synchronous motor. 
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Behavior of Ash in 


Pulverized-C oal-Fired Furnaces 


This article! summarizes what is known 
of the fundamental flow properties of 
coal-ash slags and of the behavior of ash 
and slag deposits on heat-absorbing sur- 
faces, and presents methods for applying 
the available data on ash and slag to prac- 
tical problems of interest to operators and 
designers. An outline is given of a com- 
prehensive research program, comprising 
field and laboratory studies, which should 
go far toward placing, on a scientific basis, 
the evaluation of the effect of ash on fur- 
nace performance. 


ESPITE the considerable amount of fundamental 
and engineering research in fuel technology that has 
been done since the classical combustion investiga- 

gations made by Henry Kreisinger at the Bureau of 
Mines, the design and application of equipment for burn- 
ing coal is not yet an exact science and must depend 
largely on empirical and cut-cnd-try methods. The 
principal gap in our knowledge in this respect is funda- 
mental information on the properties and the behavior of 
coal ash. This situation is not an indictment of research 
progress in fuel technology, or of the engineering skill of 
the boiler designer; rather it attests the extremely com- 
plex nature of the events in a furnace between the time 
the coal is ignited and the ash is discharged. 

Analysis of the operating problems of large steam 
generetors reveals that the most frequent causes of 
boiler outage, and consequent lowered availability, are 
excessive draft losses and overheating and failure of super- 
heater elements and generating tubes, due to accumula- 
tions of ash and slag in the gas passages and on heat- 
absorbing surfaces. Of minor occurrence, but neverthe- 
less of real concern to operators, are the sudden, unpre- 
dictable fluctuations of fluid flow in the water-wall and 
generating circuits as a result of marked changes in local 
rates of heat transfer when slag and ash accumulations 
are shed from heat-absorbing surfaces nonuniformly and 
suddenly. 

Ash and slag problems are an accepted nuisance in 
power plants. However, the recent trend away from wet- 
bottom pulverized-coal units in favor of the conserva- 
tively designed dry-bottom type,’ which experience has 
shown generally to have a higher availability, is an indica- 
tion that operators are making an effort, despite higher 
capital costs, to minimize ash problems by adopting de- 

1 Published by permission of the Director, Bureau of Mines, United States 
Department of the Interior, Washington, D. C 
“a * Fuel Engineer, Bureau of Mines, Central Experiment Station, Pittsburgh, 
- Supervising Engineer, Combustion Research Section, Bureau of Mines, 
Central Experiment Station, Pittsburgh, Pa “ 

2‘‘A Fuel Engineering Study of Some Recent Boiler Installations,’ J. E 
Tobey: Panel Discussion, ‘Improved Application of Coal Burning Equip- 
ment,’’ Annual Meeting of A.S.M.E., December 3, 1946. (Orders contracted 


for during 1945 and 1946 show a ratio of dry-bottom to wet-bottom units of 
6.5:1. 
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signs in which lower furnace-heat release rates are ob- 
tained. Thus, conservative design, rather than the 
policy followed during the ‘thirties of squeezing as much 
coal as possible into as small a combustion space as pos- 
sible, is a step in the right direction toward increasing 
boiler availability and promoting greater use of cheaper 
fuels. However, until more information is available on 
the properties and the behavior of the mineral matter 
after the coal substance has been burned, the basis for 
certain phases of furnace design, such as the arrangement 
of the tube banks for boiler and convection surfaces, and 
the proper balance between evaporating and superheating 
surfaces, will continue on an empirical basis. One reason 
for this is that almost nothing is known of the mechanism 
of the adherence of ash particles to radiant and convective 
surfaces in boilers. 

For example, the changes that occur during heating of 
the petrographic constituents in the ash and their relation 
to the ‘‘stickiness’’ of the ash should be determined. At 
present, research groups in England are actively in- 
vestigating these factors in an effort to increase the 
availability of overloaded and rapidly depreciating steam 
plants. In this country, one of the objectives of the 
Special Research Committee on Furnace Performance 
Factors of the A.S.M.E. is to study ash problems related 
to furnace performance by means of tests on various types 
of boilers under operating conditions, and on a laboratory 
basis by means of investigations of the thermal conduc- 
tivity of coal ash and slag and studies of the progressive 
changes during heating of the petrographic constituents 
comprising the mineral matter in coal. 

Our present knowledge of the properties and behavior 
of coal ash is relatively meager, despite many years of in- 
tensive study by private and government research 
groups, and consists principally of the results of studies of 
the relations between the chemical composition of coal 
ash and viscosity, clinkering, and fusion characteristics. 
Some field studies also have been made of classification 
and segregation in boilers of the individual components 
of coal ash, but data available are inadequate for obtain- 
ing more than a qualitative correlation between labora- 
tory results and the behavior of ash in the furnace. 

Therefore, in order to clarify the status of our knowl- 
edge of coal ash, in so far as it is related to the behavior of 
ash and slag in pulverized-coal-fired furnaces, it is the 
purpose of this paper to summarize what is known of (a) 
the fundamental flow properties of coal-ash slags, (>) the 
behavior of ash and slag deposits on heat-absorbing sur- 
faces, and (c) the means for applying the available data 
on ash and slag to practical problems of interest to 
operators and designers. 
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Properties of Coal-Ash Slags 


COMPOSITION. 

Coal-ash slags are composed essentially of silica, 
alumina, iron oxides, lime and magnesia, with minor 
quantities of the oxides of phosphorus, titanium and 
alkali metals. The composition of the original ash may 
vary over a wide range with respect to silica, alumina and 
iron oxides, depending on the source of the coal. For 
any given coal, however, wide variations in the com- 
position of the ash and slag may occur as the result of the 
classifying action that occurs in the furnace. For ex- 
ample, although the original coal ash may contain the 
order of 0.001 per cent® of arsenic, expressed as As»Qs, 
deposits on secondary heating surfaces have been found 
to contain as much as 15 per cent As,O3. It will be shown 
later that the natural classifying action in a furnace 
greatly limits the utility of the standard A.S.T.M. cone- 
fusion values for a given coal ash, since the composition 
of the ash from a particular surface in the furnace or 
boiler may be quite different from that in the coal. 


Viscosity oF Ligump SLAGS 


Any coal ash, when heated to a sufficiently high tem- 
perature undergoes chemical reactions that lead to the 
formation of a liquid slag. The viscosity of this liquid 
varies with temperature as represented by equation 


n~ °= At — B, (1) 


’ “Rare and Uncommon Chemical Elements in Coal,’’ F. H. Gibson and 
W. A. Selvig: Tech. Paper 669, Bureau of Mines, 1944. Government Print- 
ing Office, Washington, D. C., 15 cents. 


in which 7 is the viscosity in poises, / is the temperature in 
deg F, and A, B and z are parameters. The parameters 
zand A are practically constant over the range of coal-ash 
slags so far studied and have average values of 0.1614 
and 0.000452, respectively. Fortuitously, this reduces 
equation (1) to one containing a single parameter, B. 
Therefore, if the viscosity of a slag is known at one tem 
perature, the entire viscosity temperature relationship for 
the liquid slag can be calculated. The nomogram shown 
in Fig. 1 is based upon this equation and readily gives the 
viscosity of a liquid slag at any desired temperature if 
the viscosity is known at a particular temperature. The 
additional scale at the right side of the figure permits cal- 
culation of the viscosity at 2600 F, an arbitrarily selected 
base temperature, if the chemical composition of the 
slag is known. Therefrom, the viscosity of the same slag 
at any other temperature can be determined. 

It has been found more convenient to characterize 
slags in terms of their viscosity at 2600 F, (n2600), instead of 
the parameter B, regardless of whether the slag is liquid 
at that temperature. 


FLOW CHARACTERISTICS OF COAL-ASH SLAGS IN THE 

SOLIDIFICATION RANGE 

When a slag is cooled from a temperature at which it 
is completely liquid, the viscosity increases according to 
equation (J). At a certain temperature, defined as the 
liquidus temperature, crystals of a composition usually 
different from that of the mother liquid begin to separate. 
The process is very similar to that which occurs during 
the cooling of ordinary lead-tin solders from above the 
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Fig. 1—Viscosity of coal-ash slags in the liquid state as a function of composition and temperature 
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melting point, where the crystals which separate during 
cooling cause the mass to go through a “‘mushy”’ stage 
before the entire mass solidifies. The increase in vis- 
cosity when a liquid slag cools is the net result of a 
progressive change in viscosity of the liquid phase, due to 
thechange incomposition as crystals separate, the presence 
of crystals suspended in the liquid phase, and the increase 
in viscosity of the liquid phase in accordance with 
equation (7). As the latter is the predominant effect and 
masks the other two, a continuous, smooth viscosity- 
temperature curve is obtained for some temperature 
interval below the liquidus temperature. At a definite 
temperature for each slag, however, the accumulation of 
crystals causes an abrupt change in the flow properties of 
the slag, owing to the fact that at temperatures below this 
critical temperature the slag has plastic rather than 
viscous flow properties. This temperature is called the 
temperature of critical viscosity, T.,, and is of the greatest 
significance because, for low shear stresses, the apparent 
viscosity at temperatures below 7,,, will be quite high and 
will increase rapidly as the temperature decreases. 

In Fig. 2 flow curves are shown for two typical slags 
over the entire temperature range of interest. The 
radical change in flow properties at 7. is evident. The 
freezing temperature of slags, or the freezing interval, is 
also of considerable interest. The slags of Fig. 2 differ 
considerably in this respect, slag X freezing between 2420 
and 2300 F, or a range of 120 deg F, and slag Y over a 
range of 300 deg F. 

The temperature of critical viscosity and the freezing 
temperature are functions not only of the ultimate com- 
position of the slag but also depend on the state of oxida- 
tion of the iron in the slag. The latter is conveniently 
expressed as the ferric percentage, which is defined as 


100 X Fe.03% 


= , =, (3%) 
Fe,0;% + 1.11 FeO% 


Ferric percentage = 
Thus, it is the percentage of the fofal iron in the slag 
calculated to Fe,O; that is actually present in the ferric 
state, an independent analysis being made for the ferrous 
iron in the slag. Fig. 3 shows the effect of composition 
and ferric percentage on 7°, of coal-ash slags, and Fig. 4 
is a similar plot for the freezing temperature. Both plots 
are for slags with a silica: alumina ratio of 2.0 and cover 
the composition range of 15 to 40 per cent total equivalent 
Fe,O; and 0 to 20 per cent (CaO + MgO). The extreme 
importance of the iron oxide content of slags will be 
appreciated from the fact that, as shown in Fig. 3, a slag 
having 10 per cent (CaO + MgO) and 40 per cent total 
equivalent Fe,O; shows a variation in T,, of almost 500 
deg F for changes of ferric percentage from 15 to 73 per 
cent. A correspondingly large variation in the freezing 
temperature of the same slag, over the same range of 
ferric percentage, may be noted in Fig. 4. 


FLow OF CoAL-ASH SLAGS ON FURNACE WALLS 


Examination of a section of sheet slag from the wall of 
| Slag-tap furnace often gives a visual indication of the 
flow process. Fig. 5 represents graphically the cross- 
section of slag from a furnace-wall tube of a unit operated 
at about 1350 psi. Immediately adjacent to the surface 


of the tube is a thin, porous, irregular layer of sintered 
ish, through which the slag is attached to the tube. Next 
s a dense layer of black slag with a dull appearance, 
which, when examined in thin section under a micro- 
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Fig. 2—Effect of cooling on solidification of two tpyical coal- 
ash slags, showing critical viscosity and region of plastic 
viscosity for equilibrium conditions in air 


scope, is found to contain well-formed crystals. This 
layer comprises the greatest part of most slags. Finally, 
there is a layer of dense slag that generally is easily dis- 
tinguishable from the crystalline layer because of its 
brighter, glasslike appearance. The boundary between 
these two layers usually is sharply defined. 

The fact that the glassy portion of the slag is outer- 
most is the result of the temperature gradient through 
the slag which existed during the operation of the furnace, 
and not of the manner in which the slag cooled when the 
furnace was taken off the line. If the boundary of the 
moving layer extended to the tube surface during opera- 
tion of the furnace, rapid cooling of the slag close to the 
relatively cold tube would quickly freeze the slag, with 
the result that either the entire cross-section would have 
a glassy appearance or the relative position of the layers 
shown in Fig. 5 would be reversed. It appears, therefore, 
that, under operating conditions in the furnace, the 
inner portion of the slag is at a sufficiently low tempera- 
ture for crystals to separate and that a certain portion of 
the slag on the furnace side is molten. 

For practical purposes, where the shear stress in the 
slag is relatively low, as by the action of gravity on a 
vertical wall of slag, the point at which 7, occurs in a 
slag deposit represents an abrupt change in physical 
properties; slag at lower temperature behaves essentially 
as a.solid, while hotter slag flows as a liquid. It is 
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to-alumina ratio of 2 
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reasonable to assume, therefore, that the boundary be 
tween the crystalline, stationary layer and the glassy, 
flowing layer of slag on furnace walls occurs at the tem 
perature of critical viscosity, while the high-temperatur: 
boundary will be at the furnace temperature, ¢,. Thus, 
there will usually be a temperature difference of several! 
hundred degrees between the two sides of the layer. The 
viscosity of the liquid slag aud its variation with tem- 
perature will determine the thickness of the liquid layer 
required to carry off the slag being supplied. 

The flow properties of the slag that are important in 
fixing the thickness of a slag deposit on a heat-absorbing 
surface are, therefore: (1) the temperature of critical 
viscosity, because it fixes the lower temperature of the 
flowing layer and determines the fraction of the total 
deposit that effectively will be solid, and thus can be con- 
sidered to be fixed in position; and (2) the relationship 
between temperature and viscosity in the liquid layer, 
which will control the rate at which the slag can flow to 
cause a decrease in the overall thickness. As the tempera- 
ture of critical viscosity increases, the fraction of the 
total deposit of slag that is stagnant will also increase, 
and the thickness of the deposit will be greater. Likewise, 
as the viscosity of the liquid layer of slag increases at any 
fixed temperature, the rate of flow of slag will decrease, 
and the thickness of the deposit will increase. Factors 
other tien the flow properties of coal-ash slag also are im- 
portant in fixing the thickness of slag on heat-absorbing 
surfaces. These include: (1) the temperatures in the 
furnace and of the furnace side of the slag deposit, (2) the 
quantity of slag being supplied to the surfaces per unit 
time from che furnace gases, (3) the height in the furnace 
at which flow begins, (4) the height at which the thickness 
of slag is to be considered, (5) the angle of inclination of 
the flowing slag (essentially that of the wall), (6) the 
thermal conductivity of the slag, and (7) its density. 

The point of major interest is, of course, the rate of heat 
transfer from the furnace through the slag to the tubes. 
For a given temperature difference across the slag de- 
posit, the rate of heat transfer is proportional to the 
thermal conductivity of the slag divided by the thickness 
of the slag. Although there is no precise information at 
present on the thermal conductivity of coal-ash slags, a 
coefficient K = 10 Btu in./hr ft? °F may be used as a 
rough average value. Asa first approximation, this factor 
can be assumed to be independent of composition, tem- 
perature, and the relative proportions of liquid and solid 
slag; therefore the relative rates of heat transfer through 
the deposits can be obtained from their overall relative 
thickness. That is, the rate of heat transfer through slag 
at a given surface temperature may be considered to vary 
only with the thickness of the coating. 


Because of the uncertainties introduced by a lack of 
precise knowledge of some of the factors affecting the 
heat transfer through slag deposits, and because of the 
considerable variation in the rate of slag supply to the 
different parts of the furnace walls, emphasis must be 
placed on the thickness of slag deposits for a given set of 
slag properties and furnace conditions, the rate of slag 
supply in each case being the same. Based on these con- 
siderations, an equation has been derived giving the 
thickness of slag deposits obtained with varying slag 
properties and furnace conditions, relative to the thick- 
ness of a slag having a viscosity of 100 poises at 2600 F 
and 7’, = 2600 F. 
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Fig. 6, similar in form to Fig. 3, shows lines of equal 
relative thickness of deposit for a furnace temperature, 
{,, of 2800 F and a wall temperature, ¢,, of 1200 F, for 
slags having a silica: alumina ratio of 2.0, Fe.O; from 15 to 
40 per cent, and (CaO + MgO) of 5 and 10 per cent. 
These curves were calculated from the viscosity data of 
Fig. 1 and the 7, data of Fig. 3, and they show directly 
the thickness, relative to that of the standard slag, of 
slag deposits in the range of compositions covered. The 
marked effect of iron oxide content and ferric percentage 
on thickness of slag deposits is evident from this figure. 

More detailed information on the flow properties of 
coal-ash slags over a wide range of temperatures and 
compositions may be found in four papers published by 
the Bureau of Mines* © ® 7, 


The Behavior of Ash in Furnaces 
SEGREGATION OF ASH CONSTITUENTS 


The segregation of the constituents of the ash during 
firing is the major complication of attempts to correlate 
the behavior of ash in furnaces with the properties and 
composition of the ash in the coal. A study in 1933 by 
Nicholls and Reid® of slags from eighteen slag-tap fur- 
naces burning a wide variety of coals, indicated an 
average ratio of the iron in the slag to the iron in the ash 
of 1.11; the corresponding ratio for lime was 1.13. 
Another selective action noticed was a ten per cent in- 
crease in the silica: alumina ratio of the slag, compared to 
that of the ash of the coal fired. The alkalis in the slag 
also invariably were lower than in the original ash. 

Studies by Bailey and Ely® of seven dry-bottom and 
eight wet-bottom furnaces have demonstrated the 
progressive variation of the iron content of ash and slag 
in the gas path in slag-tap and dry-bottom furnaces. 
The ratio of the iron content of the slag to the iron con- 
tent of the ash in the coal fired averaged 1.67 for the 
slag-tap furnaces, with a low value of 1.42 and a high 
value of 1.89. For dry-bottom furnaces the ratio 
averaged 1.31, with a low of 1.00 and a high value of 1.68. 


STATE OF OXIDATION OF ASH AND SLAG IN FURNACES 


The degree of oxidation of the iron in the ash and slag 
varies considerably with the position in the furnace. 
Nicholls and Reid® found the ferric percentage of the 
tapped slag to vary from 2.1 to 34, with an average of 16. 
The ferric percentage of the fly ash was high in all in- 
stances, averaging about 75. There was no apparent 
connection between the ferric percentage of the slag and 
its chemical composition, nor with the heat release per 
unit area. Bailey and Ely’ reported the variation in 
ferric percentage with position in the furnace for a two- 
stage, slag-tap furnace. The ferric percentage was 39 
for the slag on the primary furnace walls, 19 for the tapped 
slag, 24 for the walls of the secondary furnace, 42 on the 
first row of screen tubes, and 79 at the top of the boiler 


‘Viscosity of Coal-Ash Slags,’’ P. Nicholls and W. T. Reid: Trans. 
\.S.M.E., vol. 62, 1940, pp. 141-153 

>‘*Flow Characteristics of Coal Ash Slags in the Solidification Range,’ 
W. T. Reid and P. Cohen: published in pamphlet, “Furnace Performance 
Factors,’’ A.S.M.E., May 1944, pp. 83-97 

**“*The Flow of Coal-Ash Slag on Furnace Walls,’’ P. Cohen and W. T 
Reid: Tech. Paper 663, Bureau of Mines, Govt. Printing Office, Washington, 
D. C., 15 cents. 

7“Factors Affecting the Thickness of Coal-Ash Slag-.on Furnace-Wall 
lubes,’’ W. T. Reid and P. Cohen: Trans. A.S.M.E., vol. 66, 1944. 

8“Slags from Slag-Tap Furnaces and Their Properties,’’ P. Nicholls and 
WV. T. Reid: Trans. A.S.M.E., vol. 56, 1934, pp. 447-465 . 

* “Significance of Coal-Ash Fusing Temperatures in the Light of Recent 
urnace Studies,” E. G. Bailey and F. G. Ely: Trans. A.'S.M.E., vol. 63, 1941. 
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Fig. 4—Freezing temperature of coal-ash slags as a function 
of composition and ferric percentage, for a silica-to-alumina 
ratio of 2 
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Fig. 5—Temperature distribution in slag deposit 


bank. The total gas travel was about 60 ft. Thus, it is 
apparent from these wide variations that standard 
A.S.T.M. cone-fusion data for coal ash are not significant 
for estimating the behavior of ash and slag in certain 
parts of a pulverized-coal furnace. Proposals have been 
made to modify the A.S.T.M. procedure to include deter- 
mination of the fusion characteristics of the ash under 
fully oxidizing conditions. 


RECOVERY OF ASH AND SLAG IN FURNACES 


The quantity of ash or slag retained in the furnace of a 
large boiler is of considerable practical importance. The 
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gas-borne material leaving the furnace is in a form re- 
quiring relatively expensive equipment for its separation 
where that is required and presents a difficult disposal 
problem. Considerable work has been done on methods 
for separating fly ash from flue gases, and the utilization 
or disposal of such ash, but this phase of boiler operation 
is beyond the scope of this paper and will not be dis- 
cussed here. Recent efforts have been devoted to means 
for increasing the retention of ash or slag in the furnace as 
a more economic solution to the problem. Depending on 
coal properties, design factors and operating conditions, 
dry-bottom furnaces may retain up to 30 per cent of the 
ash in the coal, in the form of sintered ash. In con- 
ventional slag-tap furnaces, the ash retained in the 
furnace, mostly as slag, is increased to 40 or perhaps 50 
per cent. In the cyclone burner furnace, recently re- 
ported,'® this has been increased to about 82 per cent. 


Practical Applications 


CRITERIA FOR TAPPING SLAG AND THICKNESS OF SLAG 
DEPOSITS 


Slags of a wide range of properties have been tapped 
successfully from intermittent- and continuous-tap wet- 
bottom furnaces. Occasionally, when slag has shown 
signs of accumulating excessively in a furnace, despite 
burner and air adjustments, fluxes have been added to 
promote tapping; but the flexibility of modern furnaces 
is sufficient to make such additions generally unnecessary. 

To insure adequate tapping from a furnace, two 
criteria should be observed: the temperature of the slag 
should be at least 150 deg F above T,,, and the viscosity 
of the slag at the tapping temperature should not exceed 





10“The Horizontal Cyclone Burner,” A. E. Grunert, L, Skog and L. 5S. 
Wilcoxson: Trans. A.S.M.E., vol. 69, 1947, pp. 613-634. . 
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250 poises. Neither of these factors alone is sufficient to 
obtain satisfactory tapping, since if only the temperature 
of the slag above T,, is considered, the viscosity of the 
slag may still be excessive, and if only the viscosity at 
the tapping temperature is considered, the freezing inter- 
val of the slag may be so narrow ‘that a moderate reduc- 
tion in the boiler load will cause tapping to cease, with 
possible serious consequences. 

To the authors’ knowledge, there is as yet no @ priori 
method for calculating the temperatures in slag-tap 
furnaces solely from consideration of the properties of the 
ash. Furnace designers must make estimates, for design 
purposes, of the temperatures of gases leaving the fur- 
nace, but these are based largely on previous experience, 
with wide latitude for control and regulation of super- 
heat. In the present state of the art, the application of 
the knowledge of the properties of slags must be re- 
stricted to relative studies. Thus, if the performance 
of a particular furnace is known for a given set of oper- 
ating conditions, it is possible to estimate the effect of 
changing the characteristics of the ash. Such studies are 
desirable from the point of view of extending the fuel 
supply for a given plant to a wider range of fuels than that 
considered in the original design, with possible economies. 

Similar studies, on a more empirical basis, have been 
reported by Reich! for the 12th Street Station of the 
Virginia Electric and Power Company. He operated 
successfully with a blend of coals containing 20 per cent 
of coals outside the contract specifications, which included 
refuse marketed as bone-coal, anthracite culm, local out- 
crop strippings, machine cuttings and mine dust. For 
the same excess air, he tapped continuously at 70 per cent 
full load with coal having a slag fluid temperature of 2500 
F, and at 90 per cent full load when the slag fluid tem- 
perature was 2650 F. 

It is hoped that the procedures outlined here will assist 
operating personnel in making such studies. The in- 
formation required is: (1) the operating conditions with 
the basic plant coal, such as analysis of the ash of the 
coal; (2) analysis of tapped slag, including the state of 
oxidation of the iron, to determine the segregation effects 
im the furnace; (3) the temperatures of slagged walls and 
tapped slag; and (4) an estimate of heat absorption in 
the furnace with the basic coal. The slag temperatures 
may be obtained with reasonable accuracy by means of an 
optical pyrometer. From analyses of the ash of alternate 
fuels, the temperature of critical viscosity and the vis- 
cosity of the slag can be determined, and the range of 
ratings for the new fuels then can be estimated in terms 
of the experience with the standard coal. This method 
can best be illustrated with a hypothetical example. 


EXAMPLE 


Assume that a slag-tap furnace is fired with Illinois No. 6 coal 
having 12.9 per cent ash with the following analysis: 
SO;- and 
Alkali-free 
Basis, 
Per Cent 


As Analyzed, 
Per Cent 


SiO, 46.5 50.3 
Al, O; 20.4 22.1 
FeO; 19.8 21.4 
CaO + MgO §.7 . 6.2 
SO; + alkalies by difference 7.6 





“Utilizing Refuse Coals at 12th Street Station, Richmond, Virginia,” 
J. A. Reich: Compusrtion, vol. 12, April 1941, pp. 43-46. 
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The slag tapped has an iron oxide content of 33.1 per cent, ex- 
pressed as total equivalent Fe.O;, and a ferric percentage of 20. 
Assuming that only the total iron oxides varied between the ash 
and slag, the SiO,, Al,O; and (CaO + MgO) remaining in the same 
ratio, and neglecting the insignificant amount of SO; and alkalies 
in the slag, the analysis of the slag on the four-component [ SiO: + 
Al,O; + FeO; + (CaO + MgO) = 100], or SO;- and alkali-free 


basis, would be as follows: 


Per cent 
a hid nan Tule de kee eucene ee 42.8 
V1 reper my ry erie pare 18.8 
Fe,O; SOeevaes ese enserawveceneaceseee 33 1 
Ger ME iiacinevcdcccdonnsanes §.3 


The percentage of silica, on the basis that SiO. + FeO; + 
(CaO + MgO) = 100, would be 


9 
100 XX ——— 43.8 - 
42.8 + 33.1+ 5.3 


O- 


= §2.7°9 


The viscosity of this slag at 2600 F is found directly from the 
scale at the right in Fig. 1 to be about 13 poises and to become 250 
poises at about 2040 F. The temperature of critical viscosity, 
Tr, may be estimated from Fig. 3, the silica:alumina ratio being 
close to 2.0, and is found to be 2200 F. Therefore, this slag could 
be tapped successfully at temperatures as low as 2350 F. The 
relative thickness of slag deposits, estimated from Fig. 6, would be 
0.24; that is, it would be about one-quarter the thickness attained 
by slag having viscosity of 100 poises at 2600 F and T¢» of 2600 F. 

For comparison, it is next assumed that instead of Illinois No. 6 
coal the furnace is fired with Pocahontas No. 3 coal, which has 
considerably less iron. The ash is 6.8 per cent, with the following 


composition: 

SO;~ and 
Alkali-Free 

As Analyzed, Basis, 
Per Cent Per Cent 

SiO» 49.8 53.5 

Al.O; 24.6 26.4 

FeO; 12.0 12.9 

CaO + MgO 6.7 7.2 


Because of the lower iron content of this ash, it may be ex- 
pected that the ratio of iron oxide in the slag to that in the ash 
will be lower than in the previous example. Assuming the slag to 
have 15 per cent total equivalent Fe.O; and neglecting the minor 
amounts of SO; and alkalis present, the slag analysis on the four- 
component basis [SiO, + AlL.O; + Fe.O; + (CaO + MgO) = 100] 


will be: 


Per Cent 


PT eer ee eee ee §2.2 
Al.O; eecseeeeceeceeeeaes ‘ . . . e 25.8 
Fe.O; “TERUTTEEEEEEELCEELELELL UL 15.0 
Geen ON iuncetdskeaccensaees 7.0 


The percentage of silica, on the basis that SiO, + FeO; + 
(CaO + MgO) = 100, would be 70.3, and Fig. 1 shows that the 
slag would have a viscosity of 180 poises at 2600 F and 250 poises 
at 2550 F. The ferric percentage may be expected to be somewhat 
lower than that for Illinois coal under similar operating conditions, 
and for the present case is assumed to be 15. Linear interpolation 
from Fig. 3 shows 7.» = 2450 F. Therefore, by either criterion 
for optimum tapping, the lowest tapping temperature would be 
approximately 2550 F, preferably 2600 F, to obtain a lower viscos- 
ity. The relative thickness of slag deposits, interpolated from Fig. 
6, would be 0.85. 

It is seen, therefore, that, for a given furnace temperature, other 
conditions being the same, the Pocahontas coal would produce a 
thicker slag on the walls than the Illinois coal, thereby causing less 
furnace heat absorption and consequent higher exit-gas tempera- 
tures. 

On the other hand, the greater insulating tendency of the Poca- 
hontas coal would result in higher furnace temperatures for a given 
Btu input and tend to cause the slag coating to become thinner, 
thus counteracting the loss of heat absorption. The details of a 
method for correcting for this effect are given in reference 6. 


This example, although extreme, nevertheless illus- 
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trates the method of approach to the problem. The 
greatest usefulness of the procedure for the time being 
may be to provide a rational method of analysis of the 
effect of fuel changes made in the regular course of plant 
operation. Accumulation of information through a 
systematic plant study by this method of examining the 
slag properties and ash behavior should soon provide a 
fund of knowledge on which to base coal selection and 
operating procedure. 

An actual plant study of this type was reported by 
Luke! and was based only on the temperature-com- 
position-viscosity relations shown in Fig. 1. 

Further to illustrate the applicability of these proce- 
dures, the Bureau of Mines recently was asked for advice 
regarding the suitability of certain Netherlands coals for 
use in slag-tap furnaces. On the basis of analyses of the 
ash of seven coals in question, it was concluded that, to 
obtain suitable viscosity for continuous tapping, the 
temperature required would be excessive for five of the 
seven coals. 


Nature of Tapped Slag 


Slag tapped from continuous tapping furnaces and 
quenched occurs as needles, strings or fish hooks, which are 
difficult to handle and dispose of, or as granulated slag, 
which is more readily handled and has some commercial 
value. The decisive factor determining the nature of the 
tapped slag seems to be the inherent viscosity of the slag, 
that is, its viscosity at some standard temperature. It 
was found that the slags tapped from the primary fur- 
naces of several slag-tap furnaces of an eastern utility 
were predominantly granular if the viscosity of the slag 
at 2600 F was less than 25 poises and predominantly 
stringy and needlelike if the viscosity of the slag at 2600 
F was over 25 poises. In this particular plant, it was 
possible to regulate the coal supply so that the tapped 
slag would be uniformly granular. It is not suggested 
that a viscosity of 25 poises at 2600 F is a universal cri- 
terion for obtaining granular slag, but rather that the 
inherent viscosity determines the physical form of the 
quenched slag. 

Control of the physical form of quenched slags can be 
achieved by the operator through a selection of coal. 
The first prerequisite is that, for a given furnace, com- 
plete data be available on the chemical analysis and the 
form of slag produced under normal operating conditions. 
Then, with the aid of Fig. 1, the viscosity at 2600 F can 
be correlated with form of the slag, and these data will 
establish the limits of 60 required to obtain granular 
slag from the furnace in question. Thereafter, by means 
of the procedures followed for the Illinois and the Poca- 
hontas coals, the behavior of any other coal can be de- 
termined from analysis of its ash. 

There is little doubt that, in the examples cited pre- 
viously, the slag from Illinois No. 6 coal would be 
granular and that from Pocahontas No. 3 stringy. 


Return of Fly Ash to the Furnace 


There has always been considerable interest in the re- 
turn of fly ash to the hearth of slag-tap furnaces to de- 
crease stack emission by increasing retention of ash in the 
furnace. Although the merits of this procedure depend 
upon each particular case, certain basic principles apply. 


12 “Coal Characteristics Determine Furnace Performance,’’ Allen W. Luke, 
Jr.: Power Plant Engineering, vol. 44, Nov. 1940, pp. 44-48. 
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The return of fly ash to the furnace will increase the 
accumulation of suspended fly ash in the furnace and in- 
crease the load on the cyclones or other ash-separating 
equipment. Furthermore, since the recirculated fly ash 
tends to be more refractory than the slag normally re- 
tained in the furnace, the minimum rating at which slag 
can be tapped will increase. An additional difficulty re- 
sults when high-carbon fly ash is returned to the furnace, 
as the carbon acts to reduce the iron in the slag to 
metallic iron, possibly leading to the formation of 
salamanders. Tests have shown the reduction of carbon 
loss by recirculation of fly ash in pulverized-coal-fired 
boiler furnaces to be insignificant. 


Deposits on Boiler and Superheater Tubes 


The mechanism of adherence of ash to furnace, boiler, 
and generating tubes is not well understood. The metal 
temperature of such surfaces is far below that at which a 
plastic bond between the metal and the slag would be 
expected to occur. Nevertheless, it is easily observed 
during the operation of a furnace, starting with clean 
metal surfaces, that a deposit of fine ash occurs on the 
metal shortly after the coal feed is started. As this 
initial layer of ash provides a base to which coarser ash 
constituents can adhere and ultimately increase in thick- 
ness until slagging occurs, prevention of its formation 
might conceivably insure clean metal surfaces. How- 
ever, since no feasible means to do this are available at 
present, some control over slagging of screen, boiler and 
superheater tubes is obtained by close attention to the 
furnace exit-gas temperature. The maximum permissible 
exit-gas temperature is not known exactly, being a func- 
tion of the properties of the ash present where slagging is 
likely to occur. However, Bailey and Ely’ recommend 
that the gas temperature not exceed the A.S.T.M. initial 
deformation temperature, determined under oxidizing 
conditions, of the ash in the “‘as-fired”’ coal. 


Conclusion 


Better understanding of the effect of ash and slag on 
furnace performance has suffered from lack of practical 
plant tests. To some extent this has been due to the 
assumption that ash is an inevitable nuisance in power 
plants. It is possible that new developments in the de- 
sign of pulverized-coal-fired steam generators will proceed 
no faster than fundamental and engineering studies of 
the behavior of ash and slag accumulate. Similarly, 
progress in coal-fired, gas-turbine technology may depend 
largely on such studies. 

The problem is amenable to solution. First, there is 
needed extended correlation of the behavior of ash and 
slag in furnaces and boilers with the chemical, mineralogi- 
cal and flow properties of ash and slag. The preliminary 
step in this direction would be to make complete chemical, 
petrographic and X-ray diffraction analyses of ash sam- 
ples from various parts of a large number of boilers and 
correlate these data with the physical properties of the 
samples. Second, a complete laboratory investigation 
should be made of the mineralogical changes in a wide 
variety of coal ashes when they are heated to various 
temperatures. Third, the mechanism of adherence 
of ash to metal surfaces should be studied under the 
operating conditions of boiler and superheater surfaces. 

It is only through a research program of this scope that 
the behavior of ash in furnaces will be rationalized. 


January 19488—-COMBUSTION 


















Instruments and 


Combustion Control 


for 
Small Plants 


N THE small size of power plant, instruments and 
automatic combustion control are usually given dis- 
proportionately less consideration than the boiler, fuel 
burning equipment, pumps, and other necessary equip- 
ment as compared with larger steam generating stations. 
This is probably due to several reasons, the most impor- 
tant of which are: 

1. The small plant can produce steam without instru- 
ments and control while in the larger more complex 
installations some automatic or at least remote manual 
control is necessary. 

2. There is no question of the economic value of an 
elaborate installation of instruments, safety control, 
signal devices and automatic combustion control for the 
larger units, while on the smaller units the margin of 
return on the investment is closer. 

3. Management, designing and operating engineers 
dealing with the larger steam generating units have be- 
come better informed on the subject of instruments and 
controls, while the installation of a small steam generating 
plant many times is only one small portion of a large ex- 
pansion to a manufacturing plant or institution, the rest 
of which demands the major portion of the time and 
consideration of all concerned. As a result, the instru- 
ments and automatic combustion control are often con- 
sidered an unimportant part of the steam generator and 
are not given the deserved attention. 


Draft Gages 


Since most steam generators in this class are simple in 
design, usually a three-pointer draft gage is ample. An 
indication of the furnace draft is the most important and 
next is the pressure of the air for combustion. When 
multiple-zone stokers are used air pressure under each 
zone should be indicated so that the operator will be 
properly guided in distribution of air to the fuel on the 
grates. Last in importance is draft ahead of the boiler 
outlet damper or after the gases have passed the last 
boiler heating surface. All these indications are helpful 
to the fireman in properly controlling the air for combus- 
tion and its distribution to the fuel. 


Steam-Flow Meters 


Steam-flow meters have been called the cash register 
of the boiler room. They tell how efficient the fire- 
man has been in spending fuel money. Steam meters 
which record and integrate the flow of steam from the 





*Excerpts from a talk at the joint A.I.M.E.-A.S.M.E. Fuels Meeting, Cincin- 
nati, O., October 20 and 21, 1947. 
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This discussion is directed toward stearn 
plants in the range of approximately 3,000 
to 20,000 lb of steam per hour output or 
consuming between 1,000 and 8,000 tons of 
coal per year. Benefits of instruments 
and combustion control are reviewed as 
as well as their possible arrangement to 
fit the individual plant requirements. 


By W. H. PUGSLEY 
Vice President, The Hays Corp. 


boilers give an accounting of the steam produced with 
the fuel. The chart shows the changes in load as they 
occur throughout the 24 hr. By observing the chart the 
operator is informed of the load trend and can prepare 
to handle the load most economically by cutting boilers 
into or out of service and adjusting the fuel bed condi- 
tions. It is good engineering practice to provide each 
steam generator with a steam-flow meter. 

The integrator totalizes the amount of steam generated 
during a given. period and, together with the amount of 
fuel burned for that purpose, establishes the cost of fuel 
per 1000 lb of steam generated and used. The efficiency 
with which the steam was generated can also be deter- 
mined, and is generally expressed as a relationship of 
pounds of water evaporated per unit of fuel burned. 


Feedwater Meters 


Feedwater meters have in general given way in favor 
of steam-flow meters where a choice has to be made be- 
tween them. The steam-flow meter gives a better indi- 
cation of the load since it actually follows the rate of 
steam generation. The feedwater flow does not always 
equal the rate of steam generation and therefore the 
meter does not indicate the actual load condition. In 
large plants feedwater meters are used as well as steam 
meters. 

Positive-displacement hot-water meters have been 
used to measure feedwater on small-sized steam generat- 
ing units where it was believed the cost of the recording 
and integrating type of flowmeter was not justified. 
However, since hot water has practically no lubricating 
qualities, frequent repairs and recalibration of this type 
of meter is required. 


Combustion Guides 


There are three combustion guides available: The 
orsat for manual analysis of the flue gases, the automatic 
carbon-dioxide recorder and the air-flow to steam-flow 
relationship. 

The orsat is primarily a test instrument for use when 
a boiler or combustion test is being run, for checking the 
calibration of automatic CO, recorders, or the calibration 
of air-flow relationship to the steam flow on boiler ef- 
ficiency meters. It is also used to calibrate automatic 
combustion control systems when one of the two latter- 
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mentioned combustion guides are not available. It is not 
intended as a daily operating guide for the fireman. 

The automatic carbon-dioxide meter is used extensively 
in this size plant and its readings are used as a direct 
guide for adjusting the fuel-air ratio for combustion ef- 
ficiency. With the CO, and flue gas temperature read- 
ings, the heat loss and therefore the fuel loss can readily 
be determined. It is good engineering to equip each 
steam generator with a separate CO, instrument. How- 
ever, it is possible to connect one CO, meter to several 
steam generators but preferably not more than three. 
Two CO, instruments are sometimes used with three 
steam generators. 

Relationship between air flow and steam flow can be 
obtained by combining an air-flow record with the record 
of steam flow on the steam-flow meter chart. This guide 
for combustion efficiency must be individual to each 
steam generator since it is combined with the steam-flow 
meter for that generator. This is also made necessary 
by the fact that the air-flow record is individually cali- 
brated to the steam generator with which it is used. 
As a result, it cannot be used when only one steam-flow 
meter is employed to measure the steam output of several 
boilers. 


Other Instruments 


In addition to draft gages, steam meters and combus- 
tion meters, indicating and preferably recording instru- 
ments should be provided for steam pressure in the main 
header, temperature and pressure of the feedwater, and 
temperature of the flue gases at the outlet of each steam 
generator. Records of these functions can generally be 
incorporated on the chart of the steam-flow meter and 
CO, meter or several such records can be combined into 
one instrument. Not only does this reduce the cost but 
it also coordinates the several records of related functions 
on the same chart. 


Automatic Combustion Control 


Automatic combustion control is purchased for what 
it will do and do better than can be done in any other 
way. Primarily, its purpose is to increase the efficiency 
of combustion and save fuel dollars. Too often, how- 
ever, this is the only credit given to automatic control. 

Labor saving is no doubt next to fuel saving as one of 
the benefits. In most plants it is not expected to replace 
completely any of the operating personnel with automatic 
control, but what it does do is relieve the firemen from 
the tedious task of adjusting the fuel control, forced- 
draft, and boiler-outlet dampers in an effort to hold the 
steam pressure and furnace draft constant while keeping 
efficiency up to within shooting distance of test efficien- 
cies. It allows the operators to use their time to the far 
greater benefit of observing and correcting overall operat- 
ing conditions and thereby maintain improved efficiency. 

On the basis of fuel and labor savings and the greater 
return on the investment alone, it is likely that more and 
better automatic combustion controls will be installed 
in this size plant in the future. 

Safety is another factor in the operation of a steam 
generator which is improved through automatic control. 
Keeping the steam pressure within close limits and hold- 
ing the furnace draft at a constant value and preventing 
a positive pressure in the furnace are two of the safety 
benefits of automatic control. Flame-out controls when 
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firing oil and gaseous fuels may also be added as safety 
features. Load-limiting controls to keep the rate of 
steam generation within the capacity of fans or prevent 
the feed of fuel without the air to burn it are other fea- 
tures which can also be incorporated to improve safety. 

It is safer to operate a steam generator to more nearly 
its maximum capacity under automatic control than 
manual control. This may at times eliminate the neces- 
sity of putting additional units into operation to meet 
short peak load conditions which is the same as saying 
that the steaming capacity of the unit is increased through 
the use of automatic control. 


Automatic Combustion Control Systems 


Automatic combustion control systems are of two gen- 
eral types, positioning and metering. Both systems oper- 
ate on the same general basis. They both respond to 
changes in steam pressure as being representative of 
changes in demand for heat input to the steam generator. 
They both control the rate of flow of fuel and air for 
combustion in an effort to maintain the steam pressure 
within close limits and efficiency of combustion at a 
high level. They both use a furnace draft controller as 
part of the control system, one for each boiler, to hold 
the furnace draft constant at a predetermined low nega- 
tive value, generally by operating the boiler outlet 
damper. The two systems differ in the method used to 
control the rate of fuel and air for combustion. 


OUTLET 
OAMPER 


FUEL FEED 
CONTROL 


Ge MASTER 

ST6AM PRESSURE 

z CONTROLLER FORCED AIR 
OAMPER 





POWER UNIT 


Fig. 1—Positioning control 


The positioning system, outlined in Fig. 1, consists of 
one master steam pressure controller which adjusts the 
rates of fuel and air flow directly by positioning the lever 
that controls the rate of fuel, the flow of fuel and the 
damper that controls the flow of forced draft air into the 
combustion chamber. Only one master controller should 
be used to control all of the steam generators connected 
to the same steam header in which the pressure is being 
controlled. It may appear logical and desirable to equip 
each steam generator with a master controller, thereby 
eliminating shafting and linkage or other means of trans- 
mitting the master loading impulse to all boilers. Such 
an arrangement is satisfactory except when more than 
one boiler unit is in operation at any one time. The re- 
sult when more than one steam generating unit is in 
operation at any one time is to swap the load between 
boilers. In other words, one or more of the boilers 
picks up most of the load while the rest of the boilers 
drop it and then the reverse cycle takes place. The use 
of one master steam pressure controller eliminates this 
action. 
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Fig. 2—Remote positioning control 


The one master steam pressure controller can be con- 
nected through mechanical linkages such as chain or 
cable and sheaves or shafting, levers and linkages to the 
air and fuel controls on all the steam generating units. 
This system is clumsy, is expensive to install and main- 
tain with too much lost motion, and provides no flex- 
ibility of operation in the way of means for changing fuel- 
air ratio or the loading of boilers. Too great a percent- 
age of the total cost is in the installation which does not 
enhance the quality of the controlled results. 

A system which is much preferred is one in which the 
mechanical connections are reduced to a minimum or to 
that required between the individual power unit and the 
damper lever or fuel control which it operates. This is 
sometimes referred to as a remote positioning control 
system (see Fig. 2). The master loading impulse is 
transmitted electrically, pneumatically or hydraulically 
to these individual power units quickly, accurately and 
without lost motion. With this system manual control 
and adjustments can easily be provided at a centrally 
located panel on which the instruments are mounted or 
on individual panels at each steam generator. 

By means of the manual control stations flexibility of 
operation is obtained. Steam generators may be taken 
off automatic control and placed on base load or fixed 
output, ratio of fuel to air may be changed at will, and 
any one or all functions of the steam generating unit may 
be automatically or manually controlled from the panel 
as desired by the operator. These are very important 
features since a positioning system does not always make 
exactly the required change in the air and fuel supply 
for each change in load. Therefore a manual adjustment 
must be made to compensate for any error in order to 
obtain maximum efficiency of combustion. 

The errors referred to are due to two factors. First, 
is the fact that the character of the relation between 
the rate of -fuel feed and the position of the lever control- 
ling it is not a straight line. Also the character of the 
relation between the rate of air flow and the position of 
the forced-air damper likewise is not a straight line. In 
addition, both relations are never exactly alike. It is 
therefore practically impossible to calibrate accurately 
the simultaneous movement of the fuel and air control 
levers to produce the desired air-fuel ratio over the en- 
tire range of operation. However, through the adjust- 
ment of lever lengths and the relative angular travel of 
these levers, very satisfactory control can be obtained. 

The second factor that is also a source of error in the 
positioning type control is the variable conditions which 
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affect the results which would otherwise be secured by 
the mechanical calibration of the linkage system. For 
example, any one position of the fuel feed control lever 
may not always cause the corresponding rate of fuel to 
be fed into the furnace. It will be changed by variations 
in valves, pumps, motors, turbines, engines, viscosity 
of fuel oil, pressure of gas, steam pressure, load on the 
stoker drive, and slippage of drive belts, or lost motion 
in the feeding mechanism, etc. 

Any one position of the forced-draft air damper may 
not always cause a corresponding rate of air flow into 
the furnace due to the variations in fuel-bed resistance, 
atmospheric conditions, boiler settings, fans, motor or 
turbine drives, zone damper positions and lost motion 
in damper linkage. When one fan supplies air to more 
than one boiler, the number of boilers, their load and 
location in relation to the fan affect the air volume to each 
boiler. It is not feasible to control fan speed for air 
volume with a positioning system of control. 

Despite these possible sources of error the positioning 
system will do a good job of controlling steam pressure 
and furnace draft, and, since with a good mechanical 
calibration of the system and the fact that the variables 
listed above which might affect it sometimes cancel 
each other, fairly good control of fuel-air ratio can be 
obtained with an occasional manual adjustment. J? must 
be remembered, however, that a control system will control 
for high, fair or poor efficiency depending upon adjustment. 

A better answer to the control problem which compen- 
sates for most of the variables mentioned and can be 
more easily and accurately calibrated to a high percent- 
age of efficiency and maintain it with fewer manual ad- 
justments required, is the metering system of control, 
Fig. 3. It is based on the principle of measurement and 
controls the fuel-air ratio according to pre-determined 
measurement. This type of automatic control has not as 
yet been extensively used in the size of plants under con- 
sideration, but is now being used almost exclusively in 
slightly larger plants. 


This system of control differs from the positioning sys~ 


tem in that in addition to one master steam-pressure 
controller and a furnace-draft controller for each steam 
generator, a separate air and a separate fuel feed con- 
troller are provided for each boiler which controls the 
fuel-air ratio on a measured basis. In addition to having 
all of the flexibility of the remote positioning control 
system, it has the added advantage of not requiring cali- 
bration of the mechanical linkage used. Also it com- 
pensates for practically all of the variables which affect 
the positioning system of control. 
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Fig. 3—Metering control 




















































Notes on Radiology of 
Welded Pipe Joints 


N A PAPER by E. Thomas before 

The Institution of Mechanical Engi- 
neers (Great Britain) the author discusses 
both shop and field examinations of welded 
pipe joints, and gives some practical sug- 
gestions on procedure in making an exami- 
nation. These suggestions are, in part, as 
follows: 

*‘More attention should be paid to the 
positioning of welds in piping systems by 
designers, even though it may entail more 
joints. If possible, when joints are located 
under solid floors, they should be placed 
under holes in the floor or a reasonable 
amount of headroom should be allowed. 

“In the examination of small pipes 
up to about 4 in. diameter the method 
usually adopted is that of oblique projec- 
tion (Fig. 1), the source being positioned 
at a suitable distance from the weld so 

















LEAD MASK 


Fig. 1—Examination of small pipes 


that the radiation penetrates the plane of 
the weld atasmallangle. The film is con- 
tained in a rigid, flat cassette and the re- 
sulting radiograph will indicate the weld 
as an ellipse. The source-film distance 
should be such that the two sections of the 
weld are observed on the same film. The 
thicker the pipe wall, the shorter will be 
the useful length of the film. 

“Unless great care is taken, the results 
will be disappointing, and particular atten- 
tion should be paid to the masking of the 
pipe to prevent scatter from reducing the 
effective area of the resulting film. Sheet 
lead is probably the best material to use 
for this purpose. The opening should bea 
little less than half the circumference of 
the weld and the lead very closely pressed 
to the surface of the pipe. 

“The method of examining large pipes 
when one tube wall only is penetrated de- 
pends upon the pipe size and that of the 
shield containing the source. The method 
in which the shield is small enough to be 
placed inside the pipe with the film 
arranged outside the pipe, as in Fig. 2a, is 
seldom realized owing to difficulty of 
maintaining the source in position. Spe- 
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cial X-ray tubes are available for examining 
cylinder bores that have the source at the 
end of the shield. This is a case where 
gamma rays offer advantages over X-rays 
since, with the source removed from the 
shield and accurately located at the center 
of the pipe, it is possible to expose a series 
of films around the pipe and, with care, 
one exposure may suffice for the whole 
joint. 

“Providing the site conditions are 
suitable, the better method is to have the 
source arranged externally with the film 
inside the pipe, as in Fig. 2b, as the more 
serious faults usually lie at or near the root 
of the weld and, being nearer to the film, 
they will be more readily detected. 

“Where it is impossible to place the film 
inside the pipe, recourse must be had to 
the method in which the source is placed 
externally to the pipe with the film on the 
opposite side and both tube walls will be 
penetrated, as indicated in Fig. 2c. Here 
the side of the pipe nearest to the source 
acts to some extent as a filter and generally 
its image will be diffused. However, if the 
image does affect the film, it will be neces- 
sary to take an oblique shot. The X-ray 
tube can be brought right up to the pipe 
and thus permit a minimum exposure time. 


Double-Exposure Technique 


“‘Most faults that are of a magnitude 
sufficiently large to require an investiga- 
tion into their position may be readily 
located by means of the double-exposure 
technique shown in Fig. 3. Here the film 
is securely fixed in position, and with the 
source at position A, an exposure is made, 
followed by one at position B, the film 
remaining in its original position. Two 
images of the fault will be found on the 
film and from them an estimate of its 
position may be quickly made either by 
calculation or by drawing. By these 
methods it has been possible to show that 
base cracks existed and to separate out 
several pores in arc-welded material. 

“It is also possible to determine the 
position of faults by using overlapping 
films, providing there is some means of 
locating some fixed points on the films; a 
simple method being to work from posi- 
tion markers applied to definite positions 
on the pipe circumference. 





Fig. 2—Examination of large pipes 














“ ? * 
4 ' 
' / | 
! / ' 
' ‘ 1 
Lost , , 
» i L F 
i / Pd 
' Fd 4 
i s 
i / 
cam — 
> 2 
{ / 
Nis 
AN SZ 
s/ H —- 2/ 1 un) 
1A 


Fig. 3—Localization of faults by 
double exposure 


“With gamma-ray examination of steel 
pipe the film grain size plays a much more 
important part than in the case of X-rays. 
Experience has shown that slow-speed, 
fine-grain film used with metal screens is 
necessary for the results of gamma-ray 
examination to approach the results ob- 
tainable with X-rays using fast salt-screen 
type film and two salt screens.” 


New High Mark for Fuel 
Production 


Despite a 1!/,-hr reduction in the work- 
ing day during the second half of the year, 
the 1947 output of bituminous coal in this 
country exceeded 617 million tons which 
represented a new peacetime record, 
amounting to 17 per cent over that of 
1946. In addition more than 57 million 
tons of anthracite were produced, a decline 
of 6 per cent from that of 1946. This 
overall achievement, responding to a 
greatly increased demand, was brought 
about by closer cooperation between 
miners and operators, improvement in 
mining methods through a high degree of 
mechanization, and the fact that there 
were fewer and shorter strikes in the indus- 
try. Asa matter of fact, only 19 million 
tons of production were lost in 1947 be- 
cause of strikes, compared with 107 mil- 
lion tons in 1946. 

Production of crude petroleum, accord- 
ing to the U. S. Bureau of Mines, reached 
1855 million barrels—an increase of 7 per 
cent over 1946 and a new record. How- 
ever, the oil sales (domestic and export) 
exceeded 1946 by more than 10 per cent, 
the difference being made up through a de- 
crease in stocks and an increase in imports. 
Inasmuch as the total export of all grades 
of oil amounted to only 164 million barrels 
in 1947, compared with 151 million barrels 
in 1946, it is apparent that the major in- 
crease in demand was domestic. 

The marketed output of natural gas in 
1947 increased nearly 10 per cent over the 
1946 total and reached a new record of 
4400 billion cubic feet, valued at points of 
consumption of over a billion dollars. 

The total value of the 1947 output of 
mineral fuels (coal, oil and gas) is esti- 
mated at approximately $7,800,000,000, 
compared with $5,725,000,000 in 1946, an 
increase of 36 per cent. The average 
value per net ton of bituminous coal at the 
mine was $4 in 1947, compared with $3.44 
in 1946, 
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Electrical Output for Year 


Sets New Record 


S THIS issue goes to press the exact 

final figures as to the total 1947 energy 
production by electric utilities (privately 
ind publicly owned) are not available, but 
.report issued by the Federal Power Com 
mission on December 26 permits a close 
approximation to be made. This gives the 
output for the twelve months ending 
November 30, 1947, as slightly over 253 
billion kilowatt-hours, which exceeded that 
of the preceding twelve months by 14.8 
percent. Adjusting for the 1947 monthly 
increases over those of 1946, would indi- 
cate the total 1947 output to have been 
more than 256 billion kilowatt-hours—a 
new record exceeding the highest of the 
war years (1944) and above the last pre- 
war year (1940) by 80 per cent. 

During these seven years generating 
capacity increased from 40,033,000 kw to 
approximately 52,000,000 kw, or about 29 
per cent. The same report gives station- 
ry industrial power capacity as 12,822,- 
165 kw at the end of November 1947. 


EEI Estimates 


Another source, the Edison Electric 
Institute, estimates total output of elec- 
tricity from all sources as about 305 billion 
kilowatt-hours of which private utilities 
are credited with 204 billion, publicly 
owned systems 50 billion and industrial 
plants, including street railway plants, 51 
billion. Thus the combined private and 
publicly owned utilities account for 254 
billion kilowatt-hours which is somewhat 
less than the Federal Power Commission 
figures would indicate. 

During the year just passed there was a 
marked increase in residential consump- 
tion of electricity. This reached an an- 
nual average of 1435 kwhr per customer 
which was 106 kwhr over that of 1946 and 
established a new all-time national av- 
erage. According to the EEI new con- 
sumption records were set by all major 
classes of consumers, except industrial. 

Of the 65 million kilowatts installed in 
stationary power plants at the end of 1947, 
approximately 42 million kilowatts was in 
private utility plants, 10 million kilowatts 
in federal and municipal plants and nearly 
13 million kilowatts in industrial plants 
which generate their own power. 

Approximately 2 million kilowatts of 
additional capacity was placed in service 
by the private utilities during 1947, which 
was about half the growth in demand. 
However, toward the end of the year new 
capacity was being added at a rate nearly 
in line with the load increase, and the 1948 
expected additions will be over 5 million 
kilowatts which will exceed the anticipated 
increase in demand and thus make for a 
greater margin of reserve, up to about 8 
per cent average. Construction expendi- 
tures by the private utilities during the 
coming year are expected to pass 1°/, 
billion dollars, and some 6 billion by the 
end of 1951 at which time 15 million kilo- 
watts capacity will have been added. In 
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other words, during the next four years 
capacity will be increased about 35 per 
cent. This is exclusive of over 2 million 
kilowatts of projected construction among 
public power plants, the greater part of 
which will be hydro in contrast to prac- 
tically all steam-generated power by the 
private utilities. 


Acid Cleaning of Boilers 


Conclusions arrived at in a paper on 
“Experiences with Frequent Acid Cleaning 
of Steam Boilers,” by S. K. Adkins before 
the Eighth Annual Water Conference, 
were in substance as follows: 

1. In no case should a temperature 
higher than 150 F be employed; and, if 
conditions permit, lower temperatures are 
desirable. If possible, the boiler should be 
cooled well below the temperature at which 
the cleaning will be conducted and, if 
necessary, warmed with hot water to the 
minimum necessary temperature before 
cleaning. This will tend to eliminate hot 
spots. 

2. The shortest possible period com- 
patible with satisfactory cleaning should 
be employed. Since the type and charac- 
teristics of deposit largely determine the 
time of contact, it is desirable to determine 
in the laboratory the time required to disin- 
tegrate the deposit. 

3. The lowest possible concentration of 
acid that will accomplish the desired re- 
sults should be used up to 5 per cent 
maximum. It is also possible to start with 
a low concentration, add acid during the 
soaking or circulation period, and main- 


tain acid strength sufficient to complete 
the cleaning of the surfaces within a 
reasonable time. 

4. Selection of the best inhibitor and 
the optimum concentration thereof is 
largely a laboratory program. As a result 
of investigations, it was found that the 
concentration that afforded the best pro- 
tection with a 3 per cent acid strength was 
0.5 per cent by volume. Increased con- 
centration above this appeared to have 
little additional effect. 

5. The greatest problem is to obtain 
thorough contact of all acid-exposed sur- 
faces with the neutralizing solution. 

6. If all the factors of temperature, 
time, solvent concentration and rinsing are 
properly considered, the effect of repeated 
acid cleanings should be nearly negligible; 


but experience has shown that once cor- 
rosion has been allowed to progress, its rate 
will increase. 

7. Most power plant personnel fear 
acid, but are prone to ignore dangers 
attendant upon its use for cleaning 
boilers. The chemist can do much, 
through explanation of the hazards, to 
minimize the danger. 


New Hampshire Company to 
Install Mercury Unit 


The illustration represents a scale model 
of a new type G. E. mercury turbine, two 
of which are to be installed by the Public 
Service Company_ of New Hampshire at 
its Portsmouth Station. Each unit con- 
sists of a mercury boiler, a 7500-kw, 1200- 
rpm turbine-generator and a condenser- 
boiler for the production of steam. The 
output of each condenser-boiler will pass 
through a superheater located in the com- 
bustion space of the mercury boiler. The 
steam flows are then combined at 600 psi, 
825 F to feed a 25,000-kw, 3600-rpm steam 
turbine direct-connected to a hydrogen- 
cooled generator. 





New type G.-E. mercury turbine and boiler unit. 
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Some New Turbine-Generators 


In its annual statement the General 
Electric Company mentions that three 
1000-F turbine-generator units were de- 
livered during the past year and that six 
others are under construction. Also, 
being built are six units, totalling 700,000 
kw, which will operate with steam at 
1050 F. 

Among the most significant turbines 
under construction are three 125,000-kw, 
2000-psig, 1050-F units for the new Philip 
Sporn Station of the Appalachian Electric 
Power Company and the Twin Branch 
Station of the Indiana & Michigan Elec- 
tric Company. A 150,000-kw tandem- 
compound turbine for Fiske Station in 
Chicago will operate at 1250 psig, 925 F 
and a unit of like capacity and similar de- 
sign, but to operate at 950 F, is being built 
for the Richmond Station in Philadelphia. 

An unusual turbine reported by West- 
inghouse is a 65,000-kw, 1450-psig, 1000-F 
triple-cylinder machine building for the 
Edgar Station of the Boston Edison Com- 
pany. Steam will be exhausted from the 
high-pressure cylinder at 365 psig and then 
returned to the boiler for reheating to 1000 
F before passing to the intermediate-pres- 
sure cylinder. 

Among industrial turbines, a 30,000-kw 
back-pressure, extraction machine for the 
Dow Chemical Company employs an un- 
usual and most complicated automatic 
hydraulic extraction system. The unit is 
designed to operate at 1250 psig, 825 F, 
with extraction at 425 psig and 165 psig. 
Exhaust is at 25 psi. 

































































THE COTTRELL PROCESS OF 
ELECTRICAL PRECIPITATION 















For gas cleaning, smoke abatement and removal of dust, 
fume, tar and other suspended matter from gas, there has 
been one universally accepted process for more than thirty 
years. In answer to your special problem, a Cottrell instal- 
lation incorporating this rich experience in research, de- 
velopment and worldwide operation means the complete 


fulfillment of your requirements. 





| RESEARCH CORPORATION } 


NEW YORK 17: 405 LEXINGTON AVENUE 
CHICAGO 3: 122 SO. MICHIGAN AVENUE 
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@ Many utilities are replacing their present 
gates with Beaumont improved anti-friction | 
type gates. Since the first order from one 


“No trouble whatever has been experienced 
opening and closing these gates—and no 
maintenance has been necessary other than 
periodic greasing”’. 


are finding it economical and time-saving to 
install Beaumont trouble-free type gates such 
as those pictured at left. Follow the leadersand | past and has made many of the installa- 
do the same. These gates are made in sizes | tions associated with the Brazilian indus- 
from 14’ to 30’. Request complete information. 


Dei ananyeer™ 6 actor HANDLING SYSTEMS 


Brazilian Company Formed 


Combustion Engineering Company, 
Inc., New York, has announced the forma- 
tion of Combustion Engineering Limitada, 
with headquarters in Rio de Janeiro, Bra- 
zil. The new company will take over the 


ee and INSTALL BEAUMONT offices and most of the personnel of Socie- 


ANTI-FRICTION GATES dade Termotecnica Mellor-Goodwin, 


Ltda., which organization formerly served 
as the Company’s Brazilian agents. 
William H. Billich will be the resident 
manager of the new firm. Mr. Billich 
for some years past has been in charge of 


utility in 1942, many repeat orders have been | Combustion Engineering’s Washington, 
received for installation in this company’s | D. C., offices and has also been closely 
other power plants. associated with the Company’s work in 

In all cases, these gates have given very | the export field. Prior to this, he spent 
satisfactory service. According to one user, 17 years with a large consulting engineer- 


ing firm. 

Formation of the new company has been 
undertaken in order to provide an organi- 
zation adequately staffed to serve the in- 

creasing power needs of Brazilian indus- 
Many leading plants throughout the country | try. Combustion Engineering has been 
supplying boilers and fuel burning equip- 
ment to Brazilian plants for many years 


trialization program. Especially notable 
installations of recent years are those at 
the Volta Redonda steel mill and the 
n T B t R C H Tubarao coal washing plant of Companhia 

Siderugica Nacional, the largest steel mill 
in South America; Companhia Nacional 
Rahn de Cimento Portland at Guaxindiba, the 
COAL AND ASH | largest cement plant in Brazil; and 

' 


One contract—one responsibility 


1506 RACE STREET ¢ PHILADELPHIA 2, PA. 


seonnessanenonennenneneneee: tc: 


Industrias Klabin do Parna at Monto 


ical | Alegre, the largest pulp and paper mill. 
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INDUCED DRAFT... 


no corrosion problems. 
























NATURAL DRAFT... 


Standard spray towers or with 


ALSO ALL OTHER TYPES AND SIZES; 


ASH & VE Guide, etc 


FIDELITY BUILDING, KANSAS CITY 6, MissoURt 


The steady, uniform flow produced 
by the rotors in an IMO pump is ideal 
for oil burner supply, hydraulic service 
and other applications requiring an 
even, smooth flow of fluid. 


For further information write for cata- 
log 1-133-V. 





IMO PUMP DIVISION of the 


DE LAVAL STEAM TURBINE CO. 


| MOVE Ol 


TRENTON 2, NEW JERSEY 
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Shipped from Stock! 


Horizontal or vertical air flow, with 
ultra-efficient Moore “Lifetime” Fans. 
No gears, no belts, no couplings, 
Heavy- 
duty All-Monel pressure blowers, 
trouble-free under most severe 
conditions. Slow-speed, ball 
bearing, direct drive motor is 
IN the hub. Other advanced 


and thoroughly proved me- 
chanical and_ structural 
tures throughout. 


systems in base, with or without basins 
or internal decks. Low pressure water 
distribution. Bolted assembly of Red- 
wood or All-Metal, shipped complete. 


YEARS OF COOLING TOWER LEADERSHIP 


For further information see Sweet's 
Files, Chemical Engineering Catalog, 


ENGINEERS + CONSTRUCTORS + MANUFACTURERS 











Ultrasonics Applied to Superheated 
Steam 


A paper by James Woodburn, associate professor, 
Rice Institute, entitled ‘An Experimental Determina- 
tion of the Velocity of Sound in Superheated Steam by 
Ultrasonics” was presented at the A.S.M.E. Annual 
Meeting. The author intended in this paper to acquaint 
engineers with this particular application of ultrasonic 
sound waves, and to present for the first time actual 
measurements of the velocity of sound in superheated 
steam. Of particular interest to designers and operators 
of steam power equipment should be the prospect of 
accurately determining steam purity, since it is proved 
that any trace of impurity in a gas materially alters the 
velocity of sound through it. 

The term “ultrasonic’’ is used to describe sound 
waves which are higher in frequency than 20,000 cycles 
per second which is about the upper limit of detection by 
the humanear. The range of frequencies ordinarily used 
in ultrasonic work is from 50,000 to 3,000,000 cycles per 
second. The crystal used in these tests had a natural 
frequency of 575,000 cycles per second at room tempera- 
ture. 

The acoustic interferometer was the instrument used 
in these tests to measure the length of a standing sound 
wave. It consists of a quartz crystal which is made to 
vibrate electrically at its natural frequency to set up a 
series of standing waves within a vertical cylinder filled 
with steam, the lower end of which is closed with a 
movable piston. When the piston is moved to a 
position such that the distance between the piston and 
the quartz crystal is an integral number of half wave 
lengths, a sharp peak is produced in the voltage across 
the crystal. These peaks were detected by means of a 
vacuum tube voltmeter and galvanometer arrange- 
ment. Due to the length of a half-wave length interval, 
only a few thousandths of an inch, it was necessary to 
make very careful measurements and compensate for 
expansion of components of the interferometer. 

Since the frequency of sound could be measured with 
an accuracy of one part in 200,000 and the length of the 
sound wave to half a thousandth of an inch, the actual 
velocity of sound was then calculated with high ac- 
curacy. This can be done while using small quantities 
of gas or steam. 
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IRE Or PA Te 
QUESTIONS and ANSWERS * 
JUST OUT! Audels Power Plant Engineers Guide. 
complete Steam Engineers Library covering 
Theory, Construction & Operation of Power House 
Machinery including Steam Boilers, Engines, Tur- 
bines, Auxiliary Equipment, ete. 65 chapters, 1500 
Pages, over 1700 Illustrations. 1001 Facts, Figures 
and Calculations for all Engineers, Firemen, 
Water Tenders, Oilers, Operators, Repairmen and 
Applicants for Engineer's License. 


AUDEL, Publishers, 49 W. 23 St., New York 10 
| —— AUDELS POWER PLANT ENGINEERS GUIDE for free ex- 


ination. if O.K. | will send you $1 in 7 days; then remit $1 
| monthly until price of $4 is paid. Otherwise | will return it. 
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STRUGGLE 
WITH A 
COAL 
VALVE? 








Don't put up with “stuck’’ or hard-operating coal 
valves. S.E. Co. Coal Valves always operate 
freely. Every factor that makes for easy valve 
operation is accounted for in their design— 
shielded parts to prevent coal accumulation or 
corrosion ...twin racks and pinions to insure 
square opening and closing... roller bearing 
gate rollers to make gate movement easy. With 
design features like those you can be sure of 
satisfactory operation of S.E. Co. Coal Valves at 
all times! 


Write for bulletins. 
Address Stock Engi- 


-“ neering Company, 
7 713. Hanna _ Bidg., 
eee Cleveland 15, Ohio. 


I : CONICAL 


Non-Segregating 
Coal Distributors 


melo. 


Coal Valves and Coal Scales 
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Ejectors 


‘Steam Jet Ejectors”’ is the title of a new 
36-page catalog, No. 1462, recently issued 
by the C. H. Wheeler Mfg. Co. In it are 
described the ejector operating principle 
and characteristics as well as single and 
multi-stage tube jets. Noncondensing 
and condensing types, with barometric 
inter- and after-condensers for vacuum re- 
quirements are fully covered. Also in- 
cluded is information on steam jet vacuum 
refrigeration for water-cooling require- 
ments of air conditioning and process ap- 
plications. The catalog contains many 
sectional drawings of equipment as well as 
flow diagrams, engineering data, installa- 
tion guide, formulas, curves and tables. 


Flexible Couplings 


Poole Foundry & Machine Co., Balti- 
more, Md., has available Catalog 44 en- 
titled ‘‘Flexible Couplings.’’ This nicely 
bound 124-page booklet contains many in- 
stallation views, descriptions of various 
types, together with dimensions for differ- 
ent types and size motors, plus installation 
and lubrication instructions. 


Heat Recovery 


Cochrane Corp. has released a new 16- 
page publication, No. 4410, describing five 
different flash-tank and heat-exchanger 
systems for recovering heat in boiler blow- 
off water. Included are: maintenance of 
boiler concentrations, the purpose of con- 
tinuous blowoff which works some prob- 
lems on heat recovery, and a chart for 
simplified savings estimate. Also included 
are illustrations of different classes of 
Cochrane continuous blowoff systems and 
their applications. 


Micromax Instruments 


Leeds & Northrup Co. has released cata- 
log No. 44 (2) which includes, for the first 
time, all Round-Chart Micromax instru- 
ments under one cover. Included in this 
16-page catalog are complete specifications 
in easy-to-use tabular form for automatic 
indicating recorders, and indicating and 
recording controllers. Suggested chart 
numbers are also listed for the more com- 
monly used ranges, together with other 
accessories and supplies. 





Insulation 


“Heat Insulation for Industry”’ is the 
title of a 16-page bulletin issued by 
Philip Carey Mfg. Co. Included in its 
pages are a selection guide for industrial 
insulation, condensed specifications, a 
description of the various types of ma- 
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terials, as well as cements and weather- 
proofing. Also given is a selection chart 
for determining the thickness of insulation. 


Oil and Gas Burners 


Peabody Engineering Corp. has issued 
4-page condensed bulletins, No. 803 and 
No. 903, which describe their Type M and 
Type ML industrial burners for oil and 
combinations of oil and gas. The bulletins 
discuss the operation of the burners and 
show installation views. 


Steam Purifiers 


A new edition of its 12-page bulletin de- 
scribing steam purification units for the 
removal of moisture and solids in steam 
lines has been announced by Cochrane 
Corp. Included are installation views, 
hook-up diagrams, discussion of benefits 
derived from use of the purifiers, as well as 
accessory descriptions. 


Steam Turbines 


General Electric Co. describes in a 4- 
page bulletin entitled ‘‘Electrically Gov- 
erned Steam Turbine’ their Type DE 
turbine equipped with a means of obtain- 
ing accurate speed control. Included are 
brief descriptions together with illustra- 
tions of the speed-sensitive element, con- 
trol panel and relaying mechanism. A 
schematic diagram of the governing system 
is shown also. 


The Whiton Machine Co. has released 
an 8-page booklet on their solid-rotor-type 
steam turbine. The special features of 
this turbine are described and illustrated 
by cut-away and phantom views. Also 
included are a drawing and chart showing 
the principal dimensions for different sized 
machines. 


Valves 


Edward Valves, Inc:, has issued a new 
catalog section (12-G6) describing forged- 
steel chrome-molybdenum ‘‘Intex’”’ and 
“Univalves.”’ Univalves are welded bon- 
net integral seat valves for service at 1500 
and 2500 psi at 1000 F. Intex valves are 
bolted bonnet integral seat valves rated at 
1500 Ib and 1000 F. The bulletin gives 
details of construction, dimensional and 
design data, material specifications and 
other data. 


Water Columns and Gages 


Yarnall-Waring Co. has just issued 
Yarway Bulletin WG-1811, their latest 
edition on water columns and gages. This 
20-page bulletin includes the following: 
description of the operation of the hi-lo 
alarm; construction details of water col- 
umns, try cocks and water level gages; 
details on flat glass inserts; column and 
gage arrangements for pressures above 400 
psi; equipment for floor level readings of 
boiler water level; dimensions and prices; 
Spare or repair parts list; and typical in- 
stallation views. 


COMBUSTION—danuary 1948 











Large oil fired plant with one Wing Turbine 
Blower serving nest of burners on one windbox. 


Wing Turbine Blowers Save: 


POWER COSTS —be- 
cause they can be installed 
on windboxes thereby elim- 
inating duct losses requir- 
ing higher initial driving 
power. 

ENGINEERING LAY- 
OUT TIME AND EX- 
PENSE — because there 
are no ducts to design and 
find space for with their 
cumbersomeness and ex- 
pense. 


MAINTENANCE — be- 
cause of their utter simplic- 
ity. An occasional shot of 
lubricant to the two ball 
bearings plus a very infre- 
quent take-up on packing 
glands is all that is required 
of routine handling. There 
is no more rugged machine 
in any power plant than a 


Wing Blower. 


Write for Bulletin SW-1 


L. J. Wing Mfp.Co. 54 SEVENTH AVENUE, NEW YORK 11, N. Y. 


Factories in Newark, N. J. and Montreal, Canada 


TURBINE BLOWERS « TURBINES « 
REVOLVING UNIT HEATERS « UTILITY 


DUCT FANS + DRAFT INDUCERS + HEATER SECTIONS « SHIP VENTILATORS + FOG ELIMINATORS 










* FANS * MOTOR DRIVEN BLOWERS 
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CUTS WET-CUTS DRY 





Masonry Saw 
wit 


DUAL CONTROL 


Yes, you can cut wet or dry 
with equal ease. The new 
HD-48 Clipper cuts dry just 
exactly the same as regular 
Clipper Masonry Saws . . and 
for DUSTLESS masonry cut- 
ting, just turn the control 
Modei HD-48 * valve and use the circulating 
water system. 
With the exclusive Clipper design proven throughout 
the world for 10 years . . . Guaranteed to provide 
the fastest cutting speed and the lowest cutting cost. 
You'll be amazed how quickly and easily you can cut 
virtually any special length or shape from the hardest 
CAN masonry materials. Clippers save time — save material 
' and assure better workmanship on every job. 
HAVE 


CLIPPERS FOR EVERY JOB 


Priced as low as $195. Write for catalog . . . Today! 


Le S DO 


CLIPPER CUTS ANYTHING 


& COPY OF CATALOG GIVING FULL DESCRIPTION AND ENGINEERING DATA SENT UPON REQUEST. 


FLEXIBLE COUPLINGS “= 


POOLE FOUNDRY & MACHINE COMPANY WOODBERRY, BALTIMORE, MD. 








2820 WARWICK @ KANSAS CITY 8, MO. 
Philadelphia ¢ Cleveland e¢ St. Lovis © Austin, Tex. 


FREE (THE CLIPPER MFG. CO. 
TRIAL 











Bp 

Learn the secret 
of BIG EARNINGS in... 
COMBUSTION ENGINEERING 


There are plenty of good pay jobs in the 
power field today. Increase your earnings 
now—be a Hays-Trained Combustion 
Engineer. Just a little of your spare time 
required for the simple, easy-reading Hays 
Home Study Course. Hundreds of others 
have made better jobs for themselves 
through Hays training. So can YOU. 
Write for Free Book Now! 


Hays Institute of Combustion 
430 N. Michigan Ave., Chicago 11, Ill, 
(Dept. 51) Our 28th consecutive year 
HAYS INSTITUTE OF COMBUSTION 


430 N. Michigan Ave., Chicago 11, II. 
(Dept. 51) Please send free book. 


STORE MORE COAL NOW 


THIS 
SIMPLE 
ECONOMICAL 




















NEW COAL STORAGE 
CATALOG 


40 pages of useful information for 
all engineers and plant executives 
interested in the latest ideas in 
storing and reclaiming coal. 


Chapters on Mechanical details of 
Sauermen Scraper Equipment; 
Methods and cost of operation; 
Different types of layouts illus- 
trated and explained by diagrams 
and action photographs. 


Ask for Catalog 19, Section D. 


SAUERMAN 


SCRAPER SYSTEM 


This modern equipment puts handling and storage on the 
most economical basis—makes safer stockpiles, and re- 
claims coal at only a few cents per ton. The Sauerman 
Scraper is a one-man machine that serves as a self-loading 
conveyor, with large handling capacity, and long reach. 
It utilizes ground space of any size or shape. It builds 
higher piles, free from air-pockets, protected from spon- 
taneous combustion. Reduces dust. 


SAUERMAN BROS. Inc. 
550 South Clinton St., Chicago 7, Ill. 
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